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SYSTEMATIC NOTES CONCERNED WITH THE 
AVIFAUNA OF PANAMA 


By ALEXANDER WETMORE 


Research Associate 
Smithsonian Institution 


The observations and descriptions included in the following pages 
have come to attention during detailed studies of the birds of the 
Isthmus of Panama and their comparison with forms from other 
tropical areas. They are based in the main on the collections of the 
United States National Museum, with addition of specimens seen 
in the course of work at other institutions. 


I. GEOGRAPHIC VARIATION IN THE BLACK VULTURE, 
CORAGYPS ATRATUS (BECHSTEIN) 

Opinion on recognition of races in the black vulture has varied 
from treatment of the entire population as undivided throughout the 
vast range, from southern United States south through Central 
America and South America to southern Chile and Argentina, and 
recognition of two races, one northern and one tropical, based on 
difference in size. The latter view has been abandoned currently in 
the main since a study by Friedmann (1933, pp. 187-188) in which 
he compared average size of North American birds with a small 
series from southern South America to find that the wing measure- 
ments appeared too similar to warrant separation. In the course of 
studies during recent years I have had opportunity to examine ap- 
proximately 130 black vultures in various collections in the United 
States and to assemble a series of measurements that verify the 
findings of Brodkorb (1944, pp. 115-121) that three size groups are 
present, a smaller population in the tropical area and two larger ones 
in the temperate regions to the north and south on either side. 
Brodkorb was uncertain as to the nomenclature to be used since he 
could not distinguish between the two larger groups, which he there- 
fore treated under one name. The extensive material that I have 
seen has justified the recognition of 3 races, as follows: 

CORAGYPS ATRATUS ATRATUS (Bechstein) 
Vultur atratus Bechstein, in John Latham’s Allg. Uebers. Vogel, Bd. 1, Anh., 

1793, p. 655. (Florida.) 
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Vultur urubw Vieillot, Hist. Nat. Ois. Amér. Sept., vol. 1, Sept. 1807, p. 23, 
pl. 2. (“Carolines ... Florides et... pour patrie la Zone torride”—=Caro- 
lina and Florida; cf. A. O. U. Check-list North Amer. Birds, ed. 3, 1910, 
Dp. 153.) 

Characters.—Size large; light markings on undersurface of pri- 
maries less extensive; wing @ (32 specimens) 414-445 (426); 9 
(28 specimens) 414-438 (426). 

Resident from the mountains of northeastern Sonora (Sasabe, 
Moctezuma), western Texas, eastern Oklahoma, southeastern Kansas, 
Missouri, southern Illinois, southern Indiana, central Ohio (northern 
Licking County), eastern West Virginia, and Maryland south to the 
lower Rio Grande Valley in Texas (Brownsville), Louisiana, the 
Gulf coast, and Florida. The breeding range in recent years has been 
extended slowly along the northern boundary, with stragglers re- 
corded casually to Nebraska, the Dakotas, and southern Ontario, 
eastward to southwestern Quebec, Maine, and Nova Scotia. 

A male from Guadalajara, Jalisco, with the wing 415 mm., seems 
to indicate that this large northern form extends south from the 
international boundary through the plateau region of México and 
the adjacent mountain areas. In this same connection Col. L. R. Wolfe 
has pointed out to me some interesting data concerned with egg size 
in these birds. Three sets comprising 6 eggs in his collection from 
La Laja, in northern Veracruz, on the coastal plain about 40 miles 
south of Tampico, Tamaulipas, average 73.5 X 48.4 mm., which agrees 
closely with an average of 74.3 50.1 mm. for 21 eggs in 11 sets in 
the U. S. National Museum from Texas and Florida. As eggs of 
the subspecies of true tropical range are smaller, as will be shown 
under that race, there is indication that the northern form may range 
into northeastern México, though this requires check whenever skins 
from that area may be available. 


CORAGYPS ATRATUS BRASILIENSIS (Bonaparte) 


Cathartes brasiliensis Bonaparte, Consp. Gen. Avium, vol. 1, pt. 1, 1850, p. 9. 
(“ex Amer. merid. Antill.” “Brasil merid.” designated by von Berlepsch, 
Nov. Zool., vol. 15, 1908, p. 289; hereby further restricted to Rio de Janeiro, 
Brazil.) 

? Cathartes (vultur) urbis incola “Ricord,” Lesson, Complements de Buffon, 
ed. 2, 1838, p. 93. (Indes occidentales ... Santo Domingo, ...bords de 
l’Orenoque ... port d’Espagne .. . Saint-Vincent, a Saint-Lucie, 4 la Domi- 
nique et a la Santiago-de-Cuba.) 

? Cathartes urbicola Des Murs, Rev. Mag. Zool., 1853, No. 4, p. 153. (Based on 
Lesson, 1838, above.) 

? Cathartes Ricordt Des Murs, Rev. Mag. Zool., 1853, No. 4, p. 153. (Alternate 
name for C. urbicola.) 
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? Vultur urbis-incola “Riccord,’ Cassin, U. S. Expl. Exped., Mamm. and 
Ornith., 1858, p. 81. (Based on Des Murs, 1853, above.) 
Characters.—Size small; light markings on underside of primaries 

more extensive and clearer white; wing ¢ (17 specimens) 386-410 

(401) ; 2 (23 specimens) 388-413 (400). 

Resident in the tropical zone; in México, along the Pacific coast 
from southern Sonora (Camoa on the lower Rio Mayo), and on the 
eastern side from southern San Luis Potosi (Bledos, Xilitla) south- 
ward throughout Central America; and in South America on the 
west to the coastal region of Pert’ (Lima), and on the east to the 
lowlands of Bolivia (Buenavista, Santa Cruz), and southern Brazil. 

The southern limit from the material seen is uncertain but appears 
to include most of Brazil. The small size is constant throughout this 
vast range. It appears desirable to pinpoint restriction of type locality 
from that proposed by von Berlepsch to Rio de Janeiro in the south- 
ern part of that great country. Two specimens in the U. S. National 
Museum from the Federal District are typical in small size. It is 
possible that the next race may be found along the far southern 
boundary since this is the form of Paraguay. 

With regard to egg size in this race, Colonel Wolfe writes that 
7 eggs (in 4 sets) in his collection from Trinidad average 70.1 X 49.4 
mm. A set of 2 in U. S. National Museum, collected at Lagoa Santo, 
Minas Gerais, by E. G. Holt, measures 70.4 48.4 and 68.6x 48.8 
mm. These figures are definitely less than those listed above for the 
typical race. 


Cathartes urbicola of Des Murs (1853, p. 153), listed in the 
synonymy above, is based on an account of “le Catharte citadin” 
given by Ricord to Lesson and published by the latter in the second 
edition of his Compléments de Buffon (Lesson, 1838, p. 93). The 
bird described by Ricord is a composite based in part on the black 
vulture, and in part on the turkey vulture, but with the size of a 
condor as it is said to be 48 inches tall. It is described as inhabiting 
the Spanish settlements in the West Indies, Trinidad, and on the 
Orinoco, where it was protected by the authorities as a scavenger. 
Lesson in a footnote gave it the name “Cathartes (vultur) urbis 
incola, Ricord,” which was cited by Des Murs (p. 147) as “Cathartes 
urbis incola (Ricord) Lesson.” Cassin (1858, p. 81) lists this under 
Cathartes urbicola Des Murs as “Vultur urbis-incola, Riccord.” Des 
Murs also in the original citation wrote rvicordi as an alternate name, 
his statement being as follows: “Jusque-la nous croyons devoir 
proposer pour le nom de ce Catharte, en tant qu’on le maintiendrait 
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dans le série comme espeéce douteuse ou a étudier, soit le nom de 

Cathartes urbicola, soit encore mieux celui de Cathartes Ricordi.’ 
While the black vulture undoubtedly is one of the birds to which 

these citations refer, the details of the accounts include the turkey 

vulture and possibly the condor in such a mixture that the names 
are of uncertain application. The earliest valid name is brasiliensis 

Bonaparte of 1850. 

CORAGYPS ATRATUS FOETENS (Lichtenstein) 

Cathartes foetens Lichtenstein, Verz. Ausgest. Saug. Vogel Zool. Mus. Berlin, 
1818, p. 30. (Based on “Iribu Azara’; Paraguay; restricted to Asuncion, 
Paraguay, by Brodkorb, in 1944.) 

Characters.—Size similar to that of C. a. atratus, but light markings 
on under surface of primaries more restricted, the under wing defi- 
nitely darker than in the two more northern races. Wing, male (10 
specimens) 412-437 (421), female (5 specimens) 416-422 (419). 

Resident in the Andes from northern Ecuador (Quito) to northern 
Bolivia (Cochabamba) ; in Chile, south to Aysen; Paraguay, including 
the Chaco, from the north-central section (Horqueta, 200 kilometers 
west of Puerto Casado), and Argentina south to the Rio Negro; 
probably through Uruguay (no specimens examined). 

The large size of the southern group has been the main cause of 
confusion in recognition of races in this species, since when birds of 
southern South America have been examined they have not appeared 
separable from northern representatives of equivalent measurements. 
This misunderstanding has completely overshadowed the vast tropical 
population of uniformly small dimension. The true status was clearly 
outlined by Brodkorb (1944, pp. 115-121), but his analysis has been 
disregarded since he applied the name of the nominate race to the 
large birds of both north temperate and south temperate areas in 
spite of their wide separation by another form. 

With regard to eggs, Colonel Wolfe writes that a set of 2 from 
Argentina in his collection measures 74.5 X 45.0 and 72.0X 47.0, and 
that the average of 54 eggs taken in Chile, according to figures fur- 
nished by A. W. Johnson, is 72.58 49.5 mm. These figures are close 
to the sizes found in the typical race of the north. 


Il. THE CRESTED BOBWHITE, COLINUS CRISTATUS 
(LINNAEUS), OF WESTERN CHIRIQUI 
The quail of Panama, described as Colinus cristatus panamensis 
by Dickey and van Rossem, is locally common from western Veraguas 
through Coclé to the western area of the Province of Panama. To 
the south it ranges down the eastern side of the Azuero Peninsula 


NO. I AVIFAUNA OF PANAMA—WETMORE 5 


through Herrera and Los Santos, including the valley of the Rio 
Tonosi. There have been few records for the Province of Chiriqui 
until recently, when I found crested bobwhites in small numbers in 
the coastal lowlands between Alanje and Puerto Armuelles, as well 
as near Boquete. The birds of this region are an isolated population 
separated by a considerable area, where no quail are known, from 
the main group of the species in the Republic. The bird of Chiriqui 
differs so decidedly in coloration that it requires recognition as an- 
other form. 


COLINUS CRISTATUS MARIAE subsp. nov. 


Characters.—Similar to Colinus cristatus panamensis Dickey and 
van Rossem ? but decidedly darker, the markings of the upper surface 
blacker, and the black areas of the lower surface more extensive in 
both sexes ; darker than any other population of the species. 

Description.—Type, U.S.N.M. No. 471174, male adult, from 7 
kilometers south of Alanje, Province of Chiriqui, Panama, collected 
March 8, 1960, by A. Wetmore (original number 23600). Forehead, 
lores, a narrow feathered area surrounding the eye, and side of head 
down to the ramal area, dull white; shorter anterior feathers of the 
narrow, elongated crest pale drab-gray, the longer ones fuscous, 
tipped, and spotted irregularly along the edges, with drab; a broad 
superciliary extending from above the middle of the eye back to 
the side of the nape behind the auricular region mikado brown, lined 
irregularly with black ; crown black, edged narrowly with white and 
adjacent to the superciliary with bright brown; auricular area dull 
olive-buff ; black of crown extended down over nape, hindneck, and 
sides of neck, to extreme upper back, and spotted rather irregularly 
with white; feathers of back, scapulars, tertials, wing coverts, rump, 
upper tail coverts, and tail black, freckled with fine markings of fawn 
color, grayish white, and white, the inner secondaries edged, and the 
wings spotted more prominently, with dull white; primaries dull 
mouse gray, with the edge of the outer web and the tip of both 
webs varied from dull white to tilleul-buff; chin drab-gray; throat, 
foreneck, and sides of upper neck, below auriculars, russet; base of 
neck black, spotted with white and irregularly with russet, changing 
across upper breast to sayal brown, with each feather banded basally 
with white and medially with black below the brown tip to produce 
an appearance of irregular spotting; abdomen pinkish buff, with 
partly concealed bars of dull black, spotted with white and pinkish 


1 Colinus leucotis panamensis Dickey and van Rossem, Condor, vol. 32, No. 1, 
Jan. 20, 1930, p. 73. (Aguadulce, Coclé, Panama.) 
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buff ; under surface of wings mouse gray, with the under wing coverts 
tipped and edged lightly with dull white. Bill black; tarsus and feet 
dusky neutral gray (from dried skin.) 

Measurements——Males (6 specimens), wing 92.6-95.3 (93.7), tail 
46.3-52.3 (49.2), culmen from cere 12.7-13.9 (13.2), tarsus 27.9- 
29.1 (28.5) mm. 

Females (3 specimens), wing 92.0-96.1 (94.0), tail 45.7-50.0 
(48.4), culmen from cere 12.4-13.4 (12.8), tarsus 27.2-29.4 (28.5) 
mm. 

Type, male, wing 93.3, tail 52.3, culmen from cere 13.0, tarsus 
27.9 mm, 

Range.—Western Chiriqui on the southern slopes of the Volcan 
de Chiriqui near Boquete (El Salto, 1,350 meters elevation), and 
Francés near El Banco; and on the coastal plain below Alanje. 
Apparently restricted in distribution but fairly common when it is 
found. 

Remarks.—The crested bobwhite of Panama has been known prin- 
cipally from Veraguas and Coclé, with few specimens in museum 
collections from Chiriqui. Present information indicates that the 
population in Chiriqui is isolated as it is known only from the western 
part of the province, and there are no records of the related race 
Colinus cristatus panamensis beyond a point about 10 kilometers 
west of Sona in western Veraguas. From this western limit the 
subspecies panamensis is recorded in open country eastward to the 
western sector of the Province of Panama (where I have found it 
near Nueva Gorgona, and 10 kilometers east of Bejuco), and south 
on the eastern side of the Azuero Peninsula through Herrera and 
Los Santos to Pedasi and near the Rio Oria below Los Asientos; 
also in the lower Tonosi valley. It is evident that the additional race 
here described is one of restricted range, since it is reported to date 
only from three localities in an area between 50 and 60 kilometers 
in length. As I have been long familiar with the brown subspecies 
panamensis of farther east in the Republic the much darker colora- 
tion of the form here described was immediately evident on my first 
sight of it in life. It marks the western extension of the species 
cristatus. 

The new form is named for Mrs. Robert A. Terry, who as Mary E. 
McLellan Davidson, through her studies in field and laboratory, has 
added much to our knowledge of the bird life of the Province of 
Chiriqui. 
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III. AN ADDITIONAL RACE OF THE CHESTNUT-BACKED 
ANTBIRD, MYRMECIZA EXSUL SCLATER 


The chestnut-backed antbird, found widely through the tropical 
lowlands of the Republic of Panama, is a forest-inhabiting species 
that still remains in small numbers in inhabited sections since a part 
of its haunt is in swampy woodlands where the land is too wet to be 
available for cultivation. Here it still finds suitable habitat when 
the surrounding forest has been destroyed. Three subspecies have 
been recorded from Panama. A detailed study of the series now 
available from the entire isthmus has indicated a fourth that requires 
description. 

MYRMECIZA EXSUL NIGLARUS subsp. nov. 

Characters—Similar to Myrmeciza exsul exsul,? but paler above 
and below; darker than M. e. occidentalis Cherrie,* especially in the 
female. 

Description—Type, U.S.N.M. No. 423427, male, from the Rio 
Chiman about 10 kilometers above Chiman, Province of Panama, 
collected February 20, 1950, by A. Wetmore and W. M. Perrygo 
(original number 15208) : Crown, sides of head, throat, and foreneck 
black, shading to dark neutral gray on hindneck; rest of upper 
surface Mars brown, shading to russet on rump and upper tail 
coverts; rectrices fuscous, edged with russet; bend of wing black, 
edged with white, the alula being fuscous-black with the outer webs 
edged with white; lesser wing coverts with a shaft line of dusky 
neutral gray, terminating in a slightly expanded tip of the same 
color ; primaries and secondaries fuscous-black, with the outer webs 
Mars brown, except the outermost, which has a narrow white outer 
edge; black of foreneck shading progressively to deep neutral gray 
on chest, and neutral gray on lower breast; under wing coverts 
dusky neutral gray, mixed scantily with white; posterior part of 
sides, flanks, and under tail coverts cinnamon-brown. Bill black; feet 
fuscous-brown (from dried skin). 

Measurements.—Males (15 specimens), wing 65.0-70.1 (67.1), 
tail 42.5-49.7 (45.7), culmen from base 20.2-22.3 (21.4), tarsus 


27.5-29.7 (28.4) mm. 


2Myrmeciza exsul P. L. Sclater, Proc. Zool. Soc. London, vol. 26, 1858 
(Jan.-May 1859), p. 540. (‘‘Panama,” type locality hereby restricted to near 
Gatun, Canal Zone.) 

8 Myrmeciza immaculata occidentalis Cherrie, Auk, vol. 8, No. 2, April 1891, 
p. 191. (Pozo Azul de Pirris, Pacific slope of Province of San José, Costa 
Rica.) 
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Females (10 specimens), wing 62.7-67.0 (64.2), tail 40.2-47.6 
(43-3), culmen from base 19.9-22.2 (20.8), tarsus 26.4-29.6 (28.1) 
mm. 

Type, male, wing 66.8, tail 42.5, culmen from base 20.7, tarsus 
28.2 mm. 

Range.—Eastern Panama; on the Pacific slope from the western 
end of the Cerro Azul east through the Province of Panama to 
western Darién; on the Caribbean slope from the upper Chagres 
Valley, above Madden Lake (Quebrada Candelaria on the Rio 
Pequeni, Quebrada Peluca on the Rio Boqueron), and western 
Comarca de San Blas (Mandinga) east to the Colombian boundary, 
and beyond to Acandi in northernmost Choco, Colombia. 

Remarks.—The wing coverts are plain in most individuals of this 
race, with the white spotting typical of M. e. cassini and M. e. 
maculifer found only casually in a few. Specimens from the middle 
Chucunaque Valley, near the mouth of the Rio Tuquesa, are inter- 
mediate between the new form and cassim, which ranges through 
the rest of the lowlands of the Tuira basin. 

The name niglarus is taken from the Greek viyAdpos, a small fife, 
in allusion to the whistled calls of these birds, heard constantly as 
they move through the undergrowth on the forest floor. 


IV. THE GEOGRAPHIC RACES OF THE SILVER-THROATED 
TANAGER, TANGARA ICTEROCEPHALA (BONAPARTE) 


Specimens now available, particularly those from Costa Rica and the 
western half of Panama, permit a better understanding of geographic 
variation in the tanager Tangara icterocephala (Bonaparte). The 
species, described from Ecuador in 1851, soon was recorded also from 
Costa Rica, and from Veraguas and Chiriqui in western Panama. 
Cabanis, in 1861, named the Costa Rican bird frantzu, but Ridgway 
in 1902, with limited series, was not able to distinguish this as a 
separate race. Hellmayr, in 1936, and others have followed Ridgway’s 
treatment, though with indication by some that there may be two 
forms. It is only recently that De Schauensee, in 1951, in his account 
of the birds of Colombia, recognized formally that there are two 
races. The uncertainty has resulted from the interesting fact that 
the populations of these birds in Ecuador and in Costa Rica both 
are bright in color, which obscures their differences. Specimens that 
I have collected in recent years from the mountains immediately west 
of the Canal Zone include another subspecies distinct from both of 
the others. 

Females in all three races are duller, more greenish throughout, a 
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fact that should be borne in mind in comparing specimens in which 
the sex is not marked. Juvenile birds differ from adult females in 
more greenish back, hindneck, and crown, duller-colored rump, less 
definite streaking on the back, and duller yellow of the under surface. 


TANGARA ICTEROCEPHALA ICTEROCEPHALA (Bonaparte) 
Calliste icterocephala Bonaparte, Compt. Rend. Acad. Sci. Paris, vol. 31, No. 3 

(séance du 20 jany.), 1851, p. 76. (Valley of Punta Playa, near Quito, 

Ecuador.) 

Characters.—Similar to T. 1. frantzii in bright coloration, but 
with feathers of crown and nape somewhat greenish basally, so that 
the yellow in this area appears less intense; partly concealed ring 
around the base of the hindneck deeper blue; foreneck and throat 
averaging faintly darker. 

Measurements.—Males (12 specimens), wing 71.2-75.0 (72.7), 
tail 44.2-48.5 (45.8), culmen from base 12.1-12.5 (12.3), tarsus 
16,0-17.3 (16.8) mm. 

Females (9 specimens), wing 66.6-72.3 (68.7), tail 41.9-46.2 (43.4), 
culmen from base 12.2-14.2 (12.7), tarsus 16.2-17.5 (17.2) mm. 

Range.—Mountains of eastern Darién, Panama (Cerro Tacarcuna, 
Cerro Pirre) south in the western Andes through Colombia to 
southern Ecuador. 


TANGARA ICTEROCEPHALA ORESBIA subsp. nov. 


Characters.—Decidedly duller yellow throughout than either T. 4. 
frantzu or T. 1. icterocephala; partly concealed band on hindneck 
more greenish blue; foreneck and throat darker; sides and flanks 
darker, with a greenish-yellow cast: Female, in addition, with edging 
on back feathers more green, less yellow. 

Description.—Type, U.S.N.M. No. 433998, male, south face of 
Cerro Campana, 850 meters elevation, western sector of the Province 
of Panama, Panama, collected March 7, 1951, by A. Wetmore and 
W. M. Perrygo (original number 16221). Lores, a very narrow 
line around eyelids, a small spot behind the eye, a narrow line pos- 
terior to the nostrils, and another from the gape across the lower 
margin of the cheeks to the nape, black; crown and sides of head 
slightly duller than light cadmium; nape washed with pyrite yellow; 
band across hindneck bluish gray-green; back feathers distinctly 
streaked, black centrally, edged broadly with sulphine yellow an- 
teriorly, changing posteriorly to wax yellow; rump between light 
cadmium and apricot yellow ; upper tail coverts oil green, tipped indis- 
tinctly with warbler green; wings and tail black; lesser and middle 
wing coverts edged with lettuce green, with a light tipping of lemon 
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chrome; greater wing coverts, primaries, and secondaries edged 
heavily with lettuce green; inner webs of central pair of rectrices 
cedar green; outer webs of all rectrices edged with lettuce green; 
point of chin black; feathers of, throat, foreneck, and upper margin 
of chest dark green-blue gray, washed on throat and adjacent ramal 
area with dark bluish glaucous, on foreneck with light grape green, 
and on sides of neck with pinkish buff, with the darker basal color 
showing through in varying amount with change in angle of the 
light; center of breast and abdomen between light cadmium and 
lemon chrome; sides between light cadmium and aniline yellow; 
flanks and under tail coverts aniline yellow; tibia citrine; bend of 
wing warbler green, stippled lightly with black; under wing coverts 
light yellowish olive externally, changing to white internally, edged 
lightly with cream-buff. Bill black; tarsus and toes fuscous (from 
dried skin). 

Measurements.—Males (8 specimens), wing 72.4-77.4 (73.6), 
tail 45.8-49.8 (47.3), culmen from base 12.0-14.8 (12.9), tarsus 
17.5-18.8 (18.3) mm. 

Females (9 specimens), wing 68.7-72.4 (71.1), tail 43.5-47.6 
(45.6), culmen from base 12.5-14.0 (13.2, average of 8), tarsus 
17.8-18.8 (18.3) mm. 

Range-——Mountain areas of west central Panama from Cerro 
Campana, western Provincia de Panama, to Coclé (EI Valle, Rio 
Guabal). 

The name of this form is taken from the Greek épéoPuos, living 
on mountains. 

TANGARA ICTEROCEPHALA FRANTZII (Cabanis) 
Callispiza (Chrysothraupis) Frantz Cabanis, Journ. fiir Orn., vol. 9, pt. 2, 

March 1861, p. 87. (Costa Rica.) 

Characters—Similar to T. 1. icterocephala, but with crown and 
hindneck more yellow; partly concealed ring on base of hindneck 
paler, more greenish blue; foreneck and throat paler: definitely 
brighter yellow above and below than oresbia. 

Measurements——Males (14 specimens from Costa Rica), wing 
72.3-78.6 (75.5), tail 44.7-49.8 (47.8), culmen from base 11.5-12.8 
(12.3), tarsus 17.2-18.8 (18.0) mm. 

Females (12 specimens from Costa Rica), wing 69.5-73.7 (71.7), 
tail 43.0-46.3 (44.9), culmen from base 11.5-12.6 (11.9), tarsus 
17.2-18.5 (17.9) mm. 

Range.—Mountains of Costa Rica and western Panama, east to 
eastern Veraguas (Chitra). 


NO. I AVIFAUNA OF PANAMA—WETMORE II 


V. ADDITIONS TO THE RECORDED LIST OF BIRDS FROM THE 
REPUBLIC OF PANAMA 


SALMON’s TIGER-BiTTERN, Tigrisoma salmoni SCLATER AND SALVIN: 

This species, described from Medellin in the Province of Antioquia, 
northwestern Colombia, with a recorded range east to Venezuela and 
south through Ecuador and Pert to western Bolivia, ranges also 
along the Caribbean slope of the Isthmus of Panama. It was first 
noticed for this area on February 29, 1952, when I collected an adult 
male on the Rio Uracillo, near the town of that name in the foothills 
of the Caribbean slope of Coclé. I secured another, an immature 
bird, near the Peluca Hydrographic Station on the Rio Boqueron, 
Province of Colon, on February 21, 1961, and have a third, shot on 
the Rio Changena, Bocas del Toro, September 9, 1961. This species 
differs from the banded tiger-bittern Tigrisoma lineatum (Boddaert) 
structurally in the form of the bill, which is shorter and also heavier, 
less attenuate at the tip. The adult salmon is definitely blacker, but 
the immature differs only in being more extensively white on the 
lower surface. With the presence of the species known I have found 
several immature birds in other collections taken earlier in Darién 
and the eastern Comarca de San Blas, but wrongly identified as 
Tigrisoma lineatum. 


SLENDER-BILLED Kite, Helicolestes hamatus (TEMMINCK) : 

The slender-billed kite is reported for Colombia on the basis of a 
record by Salmon from the Rio Ité, near Remedios in Antioquia, 
and is known from scattered localities from eastern Pertt to Vene- 
zuela (Caicara), Surinam, and the lower Amazon. In Darién, on 
February 24, 1959, as I landed from a piragua at the mouth of a 
tiny stream that enters the Rio Tuira a short distance above where 
the Rio Paya joins this larger river, I was interested to note shells 
of an apple snail scattered along the sandy shore, and immediately 
saw one of these kites perched over a shaded pool inside the forest 
border. The bird was a female. Later I received another skin from 
the Gorgas Memorial Laboratory, taken near the same point in the 
previous year. These are the first reports of this little-known species 
beyond South America. 


GuAcHARO, Steatornis caripensis HUMBOLDT: 

On the night of March 19, 1959, Bernard Feinstein, assistant to 
Dr. Charles O. Handley, Jr., captured a female of this species in a 
mist net set for bats at an elevation of 975 meters near the old 
Tacarcuna village site on Cerro Tacarcuna, Darién. The guacharo 


I2 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145 


has a wide distribution in northern South America, including Trini- 
dad, but has not been found previously outside those limits. 


SHORT-TAILED SWIFT, Chaetura brachyura brachyura (JARDINE) : 

On September 12, 1960, Dr. Nathan Gale found one lying dead 
at Corozal, Canal Zone, and brought it to the laboratory of the 
Malaria Control Service. Here Eustorgio Méndez of the Gorgas 
Memorial Laboratory secured it and prepared the skin, which is 
now in the U. S. National Museum. The species has a wide range 
in South America from the north coast to eastern Pert and central 
Brazil, with populations in St. Vincent, Trinidad, and Tobago. The 
Canal Zone record is the first report of it for Panama. 


VI. ADDITIONS TO THE LIST OF BIRDS KNOWN 
FROM COLOMBIA 


Studies of the extensive collections of birds from northern Co- 
lombia in the U. S. National Museum in connection with work on 
the avifauna of Panama continues to add to the forms known from 
that republic. Recent additions in this field are as follows: 


SAVANNA Hawk, Heterospizias meridionalis rufulus (V1EILLOT) : 

Examination of a considerable series of these beautiful hawks 
verifies recognition of two forms on the basis of size. The southern 
group that breeds from southern Paraguay and Rio Grande do Sul, 
Brazil, to the provinces of Cordoba and Santa Fé, in northern Argen- 
tina, ranges in wing measurement, regardless of sex, from 418 to 
452 mm. During the period of southern winter part of these larger 
birds move northward into the territory of the typical race. The 
northern population, true meridionalis, resident from Panama, Co- 
lombia, and Venezuela to Bolivia, northern Paraguay, and south- 
central Brazil, varies in wing measurement from 379 to 412 mm. 

A female that I shot near Maicao in the Guajira Peninsula, north- 
eastern Colombia, on April 14, 1941, with primaries worn at the 
tip, has the wing still 418 mm. long, and so represents a migrant or 
wanderer of the southern subspecies. Other breeding specimens taken 
during the same period in the Guajira in their smaller size are 
typical meridtonalis. 

Gray Hawk, Buteo nitidus blakei HELLMAYR AND CONOVER: 

A female collected by M. A. Carriker, Jr., at Acandi in northern 
Choc, on the western side of the Gulf of Uraba, is typical of this 
race of adjacent Panama. It differs from Buteo nitidus nitidus, found 
elsewhere in northern Colombia, in being darker gray above, par- 
ticularly on the crown and hindneck. Apparently blake: does not 
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extend far into Colombia since De Schauensee has reported typical 
nitidus from the Rio Jurado on the Pacific slope of northern Choco, 
and Carriker secured that subspecies at Nazaret, in western Cordoba, 
beyond the Rio Sinu. 

Piceon Hawk, Falco columbarius bendireti SWANN: 

A male taken by Carriker February 26, 1946, at Manancanaca in 
the higher levels (3,600 meters) of the Sierra Nevada de Santa 
Marta is a well-marked adult of this migrant from western North 
America. The race bendirei has not been reported previously in 
South America. In this connection another specimen, a female that 
W. M. Perrygo and I secured April 15, 1946, at Jaque, Darién, only 
40 kilometers from the Colombian boundary, is also of interest as 
the only record at present for Panama. 

BANDED Woop-QualL, Rhynchortyx cinctus cinctus (SALVIN) : 

A series taken by Carriker at Socorro and Quebrada Salvajin, 
Cordoba, near the Rio Sinu, at Taraza, in northern Antioquia, near 
the Rio Cauca, and at Volador in southern Bolivar, represents the 
typical race, hitherto unknown outside Panama. Rhynchortyx cinctus 
australis Griscom, described from the Comarca de San Blas, on the 
Caribbean coast of eastern Panama, with additional material proves 
not separable from typical cinctus, as the characters on which it was 
based are those of individual variation. 

House Wren, Troglodytes aedon inquietus BatrpD: 

Male and female taken January 5 and 7, 1950, by Carriker at 
Acandi, Choco, on the western side of the broad entrance of the 
Gulf of Uraba, are good examples of this race, which is the form 
found throughout most of Panama. The occurrence at Acandi is not 
surprising since this subspecies has been recorded east in the Comarca 
de San Blas to Puerto Obaldia near the Colombian frontier. Carriker 
secured another male inqwetus February 9, 1950, at Necocli, on the 
eastern shore of the Gulf of Uraba (called also Gulf of Darién), 
north of Turbo, and collected two house wrens April 28 in the same 
year farther south at Villa Artiaga in northwestern Antioquia that 
are intermediate toward Troglodytes aedon striolatus, but nearer to 
inquietus. It appears, therefore, that the form typical of most of 
Panama extends around the head of the Gulf. 
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NOTES ON FOSSIL AND SUBFOSSIL BIRDS 


By ALEXANDER WETMORE 


Research Associate 
Smithsonian Institution 


The following pages cover several studies on fossil and subfossil 
birds, based mainly on material in the U.S. National Museum. The 
collection from the Pleistocene of Augusta County, Va., has come 
through the kindness of John E. Guilday of the Carnegie Mu- 
seum. The bones from Bermuda were collected for the Smithsonian 
Institution by David B. Wingate. 


I. AN UPPER CRETACEOUS BIRD RELATED TO THE IBISES 


In the summer of 1958, Dr. Shelton P. Applegate, now at State 
College, Arkansas, collected a broken humerus of a bird in Greene 
County, west-central Alabama, that appears related to the storks and 
ibises of the order Ciconiiformes. According to data supplied by 
Dr. Applegate, the specimen came from Hewletts farm, 3 miles 
northeast of the town of Boligee, where it was found in the farther 
side of a series of gullies that lie to the west of the county road, 
before this reaches the farmhouse entrance. The location, in the 
Mooreville formation of the Selma chalk, was about 10 feet below 
the Arcola limestone. 

The form of the humerus indicates a species about half the size 
of the living white ibis Eudocimus albus. 


PLEGADORNIS gen. nov. 


Diagnosis —A_ fossil storklike bird, with the distal end of the 
humerus flattened, ectepicondyle long, and the brachial depression 
shallow and relatively large. Characters in detail those of the only 
known species, Plegadornis antecessor, the type of the genus. 


PLEGADORNIS ANTECESSOR sp. nov. 


Characters—Known from a fragmentary left humerus that is 
generally similar to living species of the suborder Ciconiae; much 
smaller than the smallest of living forms of the suborder (half the 
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size of Plegadis, or less). Outline of distal end of the humerus 
(fig. 1) somewhat similar to that of species of the family Threskior- 


Fic. 1.—Type of Plegadornis antecessor from the Upper Cretaceous of Alabama. 
Natural size. 


nithidae, but with the ectepicondyle elevated above the level of the 
internal condyle at a slightly greater angle; attachment of anterior 
articular ligament relatively much larger ; internal condyle relatively 
longer and slightly narrower ; external condyle slightly less angular 
on upper end, with more separation from the ectepicondyle on its 
outer margin; the ectepicondyle much larger, so that one-fourth of 
its length extends up the shaft above the level of the upper end of 
the external condyle; brachial depression large and only slightly 
depressed ; a slight expansion from the side of the shaft at the lower 
end of the deltoid crest, below the actual articular area, like that in 
modern species of Threskiornithidae, particularly of the subfamily 
Plataleinae. 

Transverse breadth across distal end 10.5 mm.; transverse breadth 
of shaft near center 4.9 mm. 

Type.—Distal end of left humerus, with part of the shaft from 
the upper end, U.S.N.M. No. 22820, from the Mooreville formation 
of the Selma chalk, Upper Cretaceous, 3 miles northeast of Boligee, 
Greene County, Ala., collected by Shelton P. Applegate about June 
20, 1958. 

Remarks.—The important part of the specimen is the distal end, 
which is somewhat worn, but where sufficient character is present to 
allow indication of relationship. The upper segment shows a trace 
of the curvature characteristic of the suborder in which it is allo- 
cated, and an indication of the form at the extreme lower end of the 
deltoid crest, but has lost other details. A section of the shaft between 
the upper and lower portions is missing. 
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The fossil is important because of its indication, slight though that 
may be, of the occurrence of ibislike birds at this early period, and 
in its general similarity to species of this group that still exist. It is 
the first fossil bird recorded from Alabama. 

While it appears allied to species now classified in the suborder 
Ciconiae, which includes the families of the hammerhead (Scopus), 
the storks (family Ciconiidae), and the ibises (Threskiornithidae), 
its differences, as indicated in the diagnosis, are such that it requires 
a separate family, Pelagodornithidae, to be allocated in a superfamily 
Pelagodornithoidea, adjacent to the superfamily Threskiornithoidea. 

The generic name for this interesting species is formed from the 
Greek root for Plegadis, a widely distributed modern genus of ibises, 
viz, tAyyds, ados, and épus, bird. The specific name, the Latin word 
“antecessor,” signifies a forerunner (or ancestor). 


II. A RECORD OF THE COMMON LOON, GAVIA IMMER 
(BRUNNICH), FROM THE PLEISTOCENE OF MARYLAND 


The cranium of a loon found in December 1959 on the shore be- 
tween Chesapeake Beach and Plum Point, on Chesapeake Bay, in 
Calvert County, Md., has been presented to the U.S. National Mu- 
seum by Miss Alice H. Howe of Arlington, Va. The specimen 
(U.S.N.M. No. 22552) is stained dark brown in color and still retains 
a film of fine clay silt in the deeper impressions. Its appearance, both 
in color and in the clay deposit, is indication of ancient age and is 
typical of the Pleistocene deposits that lie above the Miocene beds 
in the earthern cliffs that line this section of Chesapeake Bay. There 
is no reason therefore against listing the bone as of that age. 

The bone (fig. 2) includes the upper surface of the cranium from 
the base of the premaxilla to the foramen magnum, except that the 
ridge immediately above the foramen is missing, and there are minor 
breaks in the posterior area of the frontal. Below, the basioccipital 
area has been lost. 

The bone obviously is representative of an adult of a large species 
of the genus Gavia. On comparison of 10 skulls of Gavia immer with 
6 of G. adamsii, all of adult age, I find that the cranial section in the 
former averages less massive in form. The angle of the anterior end 
of the frontals, immediately posterior to their junction with the nasals, 
in most is less abrupt, and the transverse width through the heavy 
postorbital processes is less. In G. adamsii the cranium is more 
massive, the anterior end of the frontals slopes more abruptly, and 
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Fic. 2.—Dorsal view of the cranium of a common loon, Gavia immer, from the 
Pleistocene of Maryland. Natural size. 


the transverse width indicated is greater. While the largest skulls of 
wmmer are close to adamsu the smaller ones appear distinct. The 
specimen under identification agrees with the medium-sized and 
smaller samples of wnmer and is identified as that species. 

The occurrence on Chesapeake Bay is an additional Pleistocene 
record for Gavia immer, which has been reported previously from 
deposits of that age in California and Florida. 


Ill. THE WHOOPING CRANE, GRUS AMERICANA, IN MICHIGAN 


In a recent visit to the Chicago Natural History Museum I 
noted a Pleistocene bone identified tentatively as this species, which 
Dr. Rainer Zangerl has kindly placed in my hands for study. The 
specimen is a left tarsometatarsus of a juvenile individual which 
apparently had developed the full length of this segment of the bone, 
but in which the upper end was not fully ossified, as the surface of 
the articulation is not completely formed. The shaft also is slender 
with its outlines rounded, less angular than in adult specimens, and 
the entire bone presents the slightly roughened spongy appearance 
that marks an immature stage. The distal trochlea and the talon both 
are broken and missing, but it is possible to ascertain the length from 
the anterior end to the distal foramen, which equals that of modern 
adult tarsometatarsi in the U.S. National Museum Collections. It is 
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identified, without question, as Grus americana (Linnaeus), the 
whooping crane. 

The specimen, Chicago Natural History Museum No. P25538, 
found one-half mile northwest of Ferry, Oceana County, Mich., in 
what was reported to be a Pleistocene marl, was presented to the 
Museum by George W. Bowen. The record is of particular interest 
since it is not only a new fossil locality for this species, but also is 
the first report of this crane from the State of Michigan. 

The species has been recorded previously as a fossil from the 
Upper Pliocene of Idaho, and from the Pleistocene of California and 
Florida. 


IV. BIRDS OF LATE PLEISTOCENE AGE FROM 
AUGUSTA COUNTY, VIRGINIA 

Through the kindness of John E. Guilday of the Carnegie Museum 
a collection of bird bones from small caves and fissures at the bases 
of the rock columns known as the Natural Chimneys, a mile north 
of Mount Solon, Va., has come to me for study. According to data 
supplied by Mr. Guilday, the presence of bones at this site was re- 
ported first in 1949 by Theodore B. Ruhoff, who has collected the 
bulk of the material. Parties from the Carnegie Museum, directed 
by J. LeRoy Kay, curator emeritus of the section of vertebrate paleon- 
tology, also participated, until 1961. The work was possible through 
the kind permission and assistance of Mr. and Mrs. Gordon E. Brown, 
owners of the property. 

The bird remains were associated with abundant bones of mammals 
and a smaller representation of reptiles and amphibians. Most of the 
specimens are of such size and condition as to indicate the probability 
that the deposit was accumulated through pellets regurgitated by 
ancient owls. It must be stated, however, that no bones of owls are 
included. The casual intrusion of fragments of larger birds is assumed 
to have come through predators that sheltered in the caves, or through 
the activities of wood rats, abundantly represented among the small 
mammals, 

A complete report on the site prepared by Mr. Guilday (in press) 
will contain a list of all the vertebrates, a detailed account of the 
mammals, and a discussion of the entire fauna and its significance. 
In the present account it is sufficient to state that the mammalian 
remains include a number of boreal forms foreign to the area in 
historic times, as well as four extinct species of the Pleistocene. These 
indicate the probable age as near the end of Wisconsin time. The 
birds support this assignment, as among them the spruce grouse and 
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the gray jay today are inhabitants of northern coniferous forests, and 
the sharp-tailed grouse and the magpie also are northern and north- 
western in modern distribution. None of the birds may be regarded 
as typically southern since all the others identified are species that, 
while found today as residents or migrants in Virginia, range widely 
to the north. The presence of all at the end of the Pleistocene in 
what Mr. Guilday has named the Natural Chimneys local fauna is 
definitely of outstanding interest since this is the first extensive avian 
fossil deposit reported for the State. The list includes 38 species, 
with 2 others identified to genus. Fragmentary bits that could not be 
named include several additional small passeriform species. 

The bird bones are pale ivory to nearly white in color, except for 
a few that are gray or blackish gray, due apparently to staining, as 
none are mineralized. All are well preserved, only occasional ones 
being friable or brittle. A few come from juvenile individuals, some 
of them probably from young grouse, though this is not certain. 


ANNOTATED LIST OF SPECIES 
Family ANATIDAE: Ducks 


Anas discors Linnaeus: Blue-winged Teal. 

At least two individuals: Central section of right ramus of a 
mandible, from the anterior end of the surangular forward to include 
somewhat more than half of the dentary; proximal ends of two right 
humeri; left tarsometatarsus with the head missing. 

Difference in size in the fragmentary wing bones indicates that 
male and female birds may be represented. The part from the lower 
leg is one with maximum development of the sculptured lines marking 
the location of tendons and their attachment found in individuals 
more than a year old. 

This teal is recorded from several Pleistocene localities in Florida. 
Bucephala albeola (Linnaeus): Bufflehead. 

One individual: A left carpometacarpus, with the shaft of meta- 
carpal III missing. This agrees in the details of length of the distal 
symphysis, angle of anterior slope of metacarpal I, form of the facet 
for articulation of the pollex, and angular compression of the inner 
margin of the shaft of metacarpal III, with modern specimens. 

The several Pleistocene records for the bufflehead include reports 
from Oregon, California, and Florida. 

Oxyura jamaicensis (Gmelin): Ruddy Duck. 
One individual: Proximal two-thirds of a left humerus. The small 
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size indicates that the bird, which appears to have been adult, was a 
female. 

The ruddy duck has been identified in Pleistocene deposits in 
Oregon, California, and Florida. 


Family ACCIPITRIDAE: Hawks 


Accipiter striatus Vieillot: Sharp-shinned Hawk. 

One individual: A right carpometacarpus, complete, is from a 
bird of small size that agrees in dimension with males. 

The sharp-shinned hawk has been identified from the Pleistocene 
of California and Florida, and from pre-Columbian cave deposits of 
ancient but uncertain age on Great Exuma in the Bahama Islands. 
Buteo jamatcensis (Gmelin): Red-tailed Hawk. 

One individual: A left femur, with broken shaft and some wear 
on the proximal end. 

The red-tail, widely distributed in modern time from northern 
Canada to western Panama, has been found in several Pleistocene 
localities in California and Florida. 

Buteo lineatus (Gmelin): Red-shouldered Hawk. 

One: Distal end of a right humerus, small in size. 

The red-shouldered hawk, found in eastern North America from 
Minnesota and southern Quebec to central México and Florida, and 
west of the Rocky Mountains in California and Baja California, is 
known from Pleistocene time in Florida and California. 

Buteo platypterus (Vieillot): Broad-winged Hawk. 

One individual: Distal third of a right tarsometatarsus, with the 
trochlea intact. The specimen has the size of male birds. 

Broad-wings nest in eastern North America from southern Canada 
to Texas and Florida, and in the West Indies. There is one report 
of the species from the Pleistocene of Florida. 


Family TETRAONIDAE: Grouse 


Canachites canadensis (Linnaeus): Spruce Grouse. 

One individual, possibly more: Distal third of left humerus ; distal 
two-thirds of left ulna ; right tarsometatarsus complete. The humerus 
in this species in length is similar to that of the ruffed grouse, but the 
shaft is more slender, the internal condyle and the ectepicondyle are 
slightly smaller, and the impression for the brachialis anticus is less 
clearly outlined. The ulna is more slender, with the external condyle 
smaller. The slightly shorter tarsometatarsus has the trochleae some- 
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what narrower, with the outer one swung more toward the center 
line, so that support for the toes is narrower. Also the facet for the 
articulation of the hind toe is of lesser size, and on the anterior face 
the excavation below the head is smaller, with the tubercle for the 
tibialis anticus shorter and less prominent. 

This species definitely represents a boreal element in the fauna, as 
in its modern distribution it is widely spread through the Canadian 
zone forests from Alaska across Canada, south in the eastern half 
of the United States only to northern Wisconsin, northern New 
York, northern Vermont, northern New Hampshire, and Maine. The 
present record is the first report south of these limits, as well as the 
first from ancient time. 

Bonasa umbellus (Linnaeus): Ruffed Grouse. 

Three or more individuals: Two premaxillae; proximal end of 
two left humeri, and shaft and distal end of another ; a left ulna; one 
left coracoid, and the proximal end of another; one right carpometa- 
carpus, and two others nearly complete ; distal half of a left tarsomet- 
atarsus. The carpometacarpus is heavier than that of Canachites 
canadensis, especially in the shaft of metacarpal III, and the inter- 
metacarpal tuberosity is larger. 

The ruffed grouse, common today in western Virginia, is known 
from deposits of Pleistocene age in California, Tennessee, Maryland, 
Pennsylvania, and Florida. 

Pedioecetes phasianellus (Linnaeus): Sharp-tailed Grouse. 

Four or more individuals: One partial premaxilla; a fragment 
from the anterior end of a sternum; one right coracoid, somewhat 
worn, head of another from the left side; heads of three left and 
one right humeri, with distal ends of two from the left side, and one 
from the right; one right carpometacarpus with the shaft of meta- 
carpal III missing; and a fragment of the distal end of a right 
tarsometatarsus. The head of the left humerus is distinctly larger 
than any of the three from the right-hand side, so that it is certain 
that it came from a fourth individual. 

In modern time the sharp-tailed grouse has been a species of the 
north and west, with a range that extends from north-central Alaska 
across to central Quebec, south to eastern Oregon, in the mountains to 
northern New Mexico, and east to Nebraska, Minnesota, and northern 
Michigan. Formerly it ranged a little farther south to northeastern 
California, western Kansas, and northern Illinois, areas from which 
it has disappeared with agricultural use of the land, and increase in 
hunting. The only previous report of the species east of this modern 


NO. 2 FOSSIL AND SUBFOSSIL BIRDS—WETMORE 9 


range is from bones of late Wisconsin age found by John E. Guilday 
and his associates in Lloyd’s Rock Sinkhole in the New Paris Sink- 
holes of Bedford County, western Pennsylvania. The present record, 
about 120 miles to the south, is indication of a former range in the 
late Pleistocene, and the period immediately following, through the 
valleys of the northern Appalachian region. 

The bird is known also from deposits of Pleistocene age at Fossil 
Lake, Ore. 


Family PHASIANIDAE: Pheasants, Quails 


Colinus virginianus (Linnaeus) : Bobwhite. 

One individual: Head of a left humerus; a right femur, nearly 
complete. 

The bobwhite, of wide range in eastern North America, has been 
found in the Pleistocene in Tennessee, and at several localities in 
Florida. 


Family MELEAGRIDIDAE: Turkeys 


Meleagris gallopavo Linnaeus: Turkey. 

Two individuals: The shaft of a left coracoid; the broken distal 
end of a left tarsometatarsus. The two differ so definitely in size that 
it is evident they are from separate birds. 

Turkey bones have been recorded widely from Pleistocene time 
in New Mexico, Illinois, Indiana, Tennessee, Arkansas, and Florida. 


Family GRUIDAE: Cranes 


Grus americana (Linnaeus): Whooping Crane. 

One: Shaft and proximal end of a left coracoid. The bone is 
fragmentary, with indications of the tooth marks of rodents, but 
enough remains to indicate clearly that it is a crane, while the large 
size identifies it as from the whooping crane. 

This species, now much reduced in numbers, was reported in 
eastern United States in the early days of European settlement from 
New York, New Jersey, and South Carolina. The present record is 
the first from ancient time north of Florida, where bones have been 
found in Pleistocene deposits at three localities. It is also the only 
report of this bird within the boundaries of present-day Virginia. 


Family CHARADRIIDAE: Plovers 


Charadrius vociferus Linnaeus: Killdeer. 
One: Distal end of a right humerus. 
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The killdeer has been recorded from the Illinoian stage of the 
Pleistocene in Florida. 


Family SCOLOPACIDAE: Snipe, Sandpipers 


Philohela minor (Gmelin): American Woodcock. 

One individual, possibly two: Proximal half of a left humerus; 
a complete left tarsometatarsus. The leg bone appears to be from a 
slightly smaller individual than the humerus. 

The woodcock, found locally throughout Virginia, is reported from 
a Pleistocene cave deposit in Florida. 

Bartramia longicauda (Bechstein) : Upland Plover. 

One: Right and left coracoids. These are identical in size and 
color and may be from the same individual. 

The upland plover, formerly common in Virginia, is now much 
reduced in number. It has been found in late Pleistocene deposits in 
Kansas. 

Catoptrophorus semipalmatus (Gmelin) : Willet. 

One: Distal half of a right tarsometatarsus. The modern skeletons 
at hand include a pair each of the two geographic races currently 
recognized in this species. The humeri in these show the same differ- 
ences in size that separate the birds in the flesh, or when preserved 
as museum skins, the females in each being larger than the males. 
It is significant to record that the humerus in the female of the sub- 
species Catoptrophorus semipalmatus semipalmatus is appreciably 
smaller than that of the male C. s. imornaitus. The bone from Natural 
Chimneys has the size of male inornatus and is identified as that race. 
In modern times this subspecies nests through the western part of our 
continent, but is common in migration and winter along the eastern 
seaboard. 

The only previous ancient record for the willet is from Pleisto- 
cene deposits on the Newport Bay Mesa near the coast of southern 
California, 

Erolia minutilla (Vieillot): Least Sandpiper. 

One: A complete right humerus, typical of this bird. 

This is the first ancient report for the species, which now nests in 
the north and spreads widely in migration, as far as Pert and central 
Brazil. 


Family COLUMBIDAE: Pigeons, Doves 


Ectopistes migratorius (Linnaeus): Passenger Pigeon. 
More than 21 individuals: 11 fragments of right humeri, and 
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2 entire and 8 fragments of the left side; 1 entire and 3 fragmentary 
ulnae from the right side, with 1 entire and 3 fragments from the 
left side; 1 entire and 6 broken right carpometacarpi, with 4 frag- 
ments from the left side; anterior ends of 11 sterna; 5 entire, 16 or 
more fragmentary right coracoids, and 4 entire and 10 fragments 
from the left side; anterior ends of 3 right and of 6 left scapulae; 
distal end of 1 right and of 2 left tibiotarsi; 1 entire and 3 partial 
right tarsometatarsi, and parts of 4 from the left size. 

From the abundance of these remains the passenger pigeon must 
have been common and easily taken, probably from a roost, if the 
deposit of bones is accepted as an accumulation from cast pellets of 
night-feeding owls. All the bones are from fully adult birds which 
points to a gathering outside the nesting season. This species, now 
long extinct, was abundant during the period of settlement in Virginia, 
with extensive roosts recorded as late as 1872. It was last reported 
in the State definitely in 1890, uncertainly in 1892. 

Passenger pigeon bones have been found frequently in Indian vil- 
lage sites of pre-Columbian age, and are recorded from the Pleistocene 
in California, Tennessee, and Florida. 


Family ALCEDINIDAE: Kingfishers 


Megaceryle alcyon (Linnaeus): Belted Kingfisher. 

One: Proximal half of a left humerus. 

There is one report of this kingfisher from the Pleistocene of 
Florida, 


Family PICIDAE: Woodpeckers 


Colaptes auratus (Linnaeus): Yellow-shafted Flicker. 

One: Distal half of a right tarsometatarsus. 

The occurrence at Natural Chimneys is listed under the name of 
the eastern species of the genus, following the modern geographical 
ranges of these woodpeckers. But it should be noted that in available 
skeletons there appear no trenchant characters on which the three 
species of Colaptes of the A.O.U. Check-list may be separated. 

In the eastern region of North America flickers have been reported 
from three localities in the Pleistocene of Florida. 

Centurus carolinus (Linnaeus): Red-bellied Woodpecker. 

One: A left tarsometatarsus, complete. 

The species is recorded from the Pleistocene of Florida. 
Melanerpes erythrocephalus (Linnaeus): Red-headed Woodpecker. 

Two individuals: A right humerus, complete, and another from the 
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left side without the head; a right tarsometatarsus, complete. The 
humeri are not a pair as they differ slightly in size. 

There is one Pleistocene record for this species from Florida. 
Dendrocopos pubescens (Linnaeus): Downy Woodpecker. 

One: A right humerus with the distal end missing. 

This is the first ancient record for this species. 


Family TYRANNIDAE: Tyrant Flycatchers 


Sayornis phoebe (Latham): Eastern Phoebe. 

Three individuals: Two right humeri, and another from the left 
side, all complete. Slight differences in size indicate that each bone 
comes from a separate individual. The occurrence of this species is 
one that would be expected from its habit of placing its nest on 
sheltered projections on rock faces. 

The record is the first one for this bird in ancient time. 

Contopus virens (Linnaeus): Eastern Wood Pewee. 

One: A complete left humerus. This agrees with the wood pewees, 
and is listed as above on geographic grounds. 

It is the first report of this group in prehistoric time. 


Family HIRUNDINIDAE: Swallows 


Petrochelidon pyrrhonota (Vieillot): Cliff Swallow. 

Fight or more individuals: A series of humeri that includes 
two complete and two fragments from the right side, and four com- 
plete'and three additional segments from the left. 

The humerus in this species is approached in size among our 
smaller swallows by the tree swallow, but has the head slightly larger 
and the shaft heavier. The other species concerned are all distinctly 
smaller. 

The relative abundance of bones of this species compared to those 
of other of the small birds indicates a nesting colony, a supposition 
that appears to be verified by one bone with the porous structure of 
the head typical of immature individuals not fully grown. 

Cliff swallow bones are reported from the Pleistocene of California. 


Family CORVIDAE: Jays, Magpies, Crows 


Perisoreus canadensis (Linnaeus): Gray Jay. 

One: A right tarsometatarsus with the trochlea for the fourth 
digit missing, but otherwise complete. More slender form, greater 
outward slant of the external face of the talon, relatively smaller 
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trochleae, and more widely open groove on the anterior face of the 
head between the external and internal cotylae, identify this bone 
in the gray jays from species of similar size of the genera Cyanocitta 
and Aphelocoma. 

This is another bird that is found in modern times in the coniferous 
forests of the north and northwest, with extension southward only 
along the higher mountains of the west. In much of this area it 
ranges in the same regions as the spruce grouse, also its companion 
in ancient Virginia. 

The present record is the first report of the gray jay in the 
prehistoric period. 

Cyanocitta cristata (Linnaeus): Blue Jay. 

One: A complete left humerus. 

The widely ranging eastern blue jay is reported from the Pleisto- 
cene of Florida. 

Pica pica (Linnaeus): Black-billed Magpie. 

One: Proximal half of a left humerus. 

This record is one of particular interest since, though the magpie 
in the Old World is spread from western Europe across northern 
Siberia, in North America it has been restricted to the western half 
of the continent. The find in Virginia indicates an early distribution 
to the eastward, with subsequent withdrawal westward, a circum- 
stance without apparent explanation. Many magpie bones have been 
found in caves and other ancient deposits throughout Europe, but 
the present find is the first report from America, since Dr. Brodkorb 
informs me that a record for it from the lower Pleistocene of Randall 
County, Tex., refers to another species. 


Family SITTIDAE: Nuthatches 


Sitta canadensis Linnaeus: Red-breasted Nuthatch. 

One: A left humerus, complete. 

This nuthatch is present in Virginia now as a breeding species 
wherever spruce forest remains on the higher mountains, and as a 
winter visitor from the north. 

It is recorded from deposits of late Pleistocene age in California. 


Family MIMIDAE: Mockingbirds, Thrashers 


Toxostoma rufum (Linnaeus): Brown Thrasher. 
One: A complete right humerus. 
This is the first report of this bird in the prehistoric period. 
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Family TURDIDAE: Thrushes, Bluebirds 


Turdus migratorius Linnaeus: Robin. 

One or more: A premaxilla; a complete right humerus, and one 
from the left side with the head missing. The wing bones are of 
maximum size for this species. 

The only other ancient record for the robin is from the late Pleisto- 
cene of California. 

Hylocichla sp.: Thrush. 

One: A left humerus complete. This comes from one of the 
smaller species of this group. It is not the wood thrush, which is 
larger, but except for this, it is not practicable to indicate relationship, 
since the related species may not be separated from one another on 
the basis of this single bone. 


Family ICTERIDAE: Meadowlarks, Blackbirds, Orioles 


Agelaus phoeniceus (Linnaeus): Red-winged Blackbird. 

Two individuals: Right and left humeri with the heads broken. 
These differ in size so that they come from two individuals. 

The species is known from the Pleistocene of Ontario and Florida. 
Molothrus ater (Boddaert): Brown-headed Cowbird. 

One or more: Right and left humeri of such similar size that they 
may be a pair. 

This is the first ancient record for the species. 


Family FRINGILLIDAE: Grosbeaks, Finches, Sparrows, Buntings 


Junco sp.: Junco. 

One: A complete right humerus. 

While this agrees with the slate-colored junco it is not practicable 
to make a specific identification among the several species of similar 
size in this genus. 

Zonotrichia albicolis (Gmelin): White-throated Sparrow. 

One: A complete left humerus. 

This is the first ancient record for this species. 
Passerella iliaca (Merrem): Fox Sparrow. 

One: The symphysis of a lower mandible. This agrees in full 
detail with modern skeletons. The form of the thickened inner margin 
of the anterior end of the dentary, smooth and rounded when viewed 
from above, and shelflike when seen from below, is characteristic of 
this species. The bone is similar to that of the small-billed eastern 
subspecies. 
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Fox sparrows have been recorded from two Pleistocene localities 
in California. 


Melospiza melodia (Wilson): Song Sparrow. 

One: A right humerus. 

The widely ranging song sparrow is reported from the Pleistocene 
of California. 


V. BONES OF BIRDS FROM COCKROACH ISLAND, BERMUDA 


In November 1958, David B. Wingate forwarded a considerable 
collection of bones from Bermuda, collected on Cockroach Island, 
located in Harrington Sound off the base of Abbott’s Cliff. Most of 
these specimens were dug from about 4 cubic feet of sandy soil and 
rubble, some of them from near the surface where they were among 
roots of plants. Many are of young birds, ranging from nearly adult 
to half or even one-third grown indicating a breeding colony. In 
careful digging no associated skeletons were encountered, so that 
the site was one where separate bones had accumulated. 

While the age of these specimens is unknown, the material prob- 
ably is Recent, though, with one exception from the pre-Columbian 
period. The few remains of the white-tailed tropicbird obviously are 
of modern age. The uniform pale brownish-white cast in all the other 
material indicates a deposit of some antiquity, though whether this 
is of hundreds of years or of a longer period remains uncertain. 
A few molluscan shells that accompanied the bones have been identi- 
fied by Dr. J. P. E. Morrison of the National Museum as Poecilo- 
sonites bermudensis Pfeiffer, a living species that in time ranges back 
to deposits of Pleistocene age. 

There have been several reports of bones of birds from caves in 
the Bermudas but usually without identification, the earliest account 
that I have seen being that of Nelson (1840, p. 113). In view of 
the small amount of definite information on such deposits in Ber- 
muda, I have prepared the brief account of the collection made by 
Mr. Wingate which follows. 


Family PROCELLARIIDAE: Shearwaters, Fulmars 
PUFFINUS LHERMINIERI Lesson: Audubon’s Shearwater 


Puffinus [sic] lherminieri Lesson, Rev. Zool., vol. 2, No. 3, April (May), 1839, 
p. 102. (Guadeloupe, Lesser Antilles.) 

Puffinus parvus Shufeldt, Ibis, ser. 10, vol. 4, No. 2, Oct. 2, 1961, p. 632. (Recent 
deposits in the bone caves of Bermuda.) 


The few bones of this species include humeri, radii, ulnae, meta- 
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carpals, coracoids, a femur, tibiotarsus, tarsometatarsi, a sternum, 
and parts of a skull, that probably represent half a dozen individuals. 
While the wing and leg bones may be sorted in two groups one of 
which is slightly smaller than the other, it is seen on close scrutiny 
that the specimens of lesser size all are obviously immature, some 
of them quite young. It is my opinion therefore that the smaller size 
in these is due to their not having attained full growth. 

Shufeldt (1916, p. 632) in study of a collection of cave bones from 
Bermuda noted two apparent size groups and named the smaller one 
Puffinus parvus. While I have not had opportunity as yet to examine 
his material, the plates that he published in a later account (Shufeldt, 
1922) do not appear to substantiate his claims, particularly since at 
the time he had available only one skeleton of Puffinus lherminieri 
in the U. S. National Museum for comparison. This individual is 
near the maximum size for the species. His smaller specimens as 
illustrated show no differences in size from the range of variation 
found in the series now available, particularly when it is under- 
stood that all Shufeldt’s illustrations are not natural size, though so 
indicated in the legends. I regard parvus, therefore, as a synonym of 
Thermimert. 

Puffinus mcgalli Shufeldt (1916, p. 630; 1922, p. 354), based on 
a nearly complete sternum, appears to be an example of Puffinus 
puffinus, as the figures agree exactly with a sternum of a female 
Puffinus puffinus puffinus, No. 227465 in the U. S. National Museum 
collections. 


PTERODROMA CAHOW (Nichols and Mowbray): Bermuda Petrel 


Aestrelata cahow Nichols and Mowbray, Auk, vol. 33, No. 2, April (March 31), 

1916, p. 194. (Southeast side of Castle Island, Bermuda.) 

Aestrelata vociferans Shufeldt, Ibis, ser. 10, vol. 4, No. 4, Oct. 2, 1916, p. 633. 

(Bermuda. ) 

The greater part of the bones in the present collection are those 
of this species, including abundant representation of wing and leg 
bones, parts of 12 skulls, 12 sterna, 23 furculae, several coracoids, 
scapulae and parts of more than 14 pelves. The indication is that 
more than 25 individual birds are represented. About one-half come 
from young birds that range from one-third grown to full size, but 
the latter with the ends of some of the long bones still spongy. The 
indication is clear that the site where the bones were found was a 
breeding colony of this petrel, formerly abundant in Bermuda. 

The adult bones all agree in detail with the modern skeletons of 
the cahow in the U. S. National Museum. 
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Family PHAETHONTIDAE: Tropicbirds 
PHAETHON LEPTURUS Daudin: White-tailed Tropicbird 


Phaéton lepiurus Daudin, in Buffon, Hist. Nat., ed. Didot, Quadrupédes, vol. 14, 
1802, p. 319. ( Mauritius.) 


The right and left ulna, right and left radius, carpometacarpus, 
and scapula that represent this species are obviously modern in ap- 
pearance, and are believed to represent an intrusion in the older 
deposit. It is probable that all come from one individual as the 
duplicate elements are paired. 
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THE PROBLEM OF THE VIDUINAE IN THE 
LhiGHr OF RECENT PUBLICATIONS 


By Herpert FRIEDMANN 


Director, Los Angeles County Museum 


While my study of the parasitic weaverbirds (1960) was in press, 
an important paper by Steiner (1960) appeared. Although his at- 
tention was centered largely upon the waxbills and their allies (the 
spermestids of his paper; estrildids of mine), he briefly discussed 
the systematic position of the Viduinae and their relationships with 
the waxbills and came to conclusions different from my own. Inas- 
much as Steiner’s experience and thinking concerning the waxbills 
were both prolonged and extensive, it is necessary to consider his com- 
ments carefully and objectively, even though I am still of the 
opinion that to accept them poses more difficulties than it solves. 

The various recommendations made by Steiner and others prior 
to 1959 were reviewed in my account (1960, pp. 3-9), where a 
consideration of their not altogether harmonious contents led me to 
conclude that it was more nearly correct and acceptable to keep the 
waxbills and their allies in the Ploceidae than to erect a separate 
family for them. It was recognized that there were substantial argu- 
ments for recognizing a separate family for the estrildines, but there 
were equally suggestive ones for keeping them as a subfamily of the 
Ploceidae. One could not lightly overlook the conclusion that they 
constitute a distinct family arrived at by two of their most careful 
investigators, Steiner and Nicolai, under conditions of aviculture. 
On the other hand, Chapin’s very extensive field acquaintance with 
many of the included genera and species and his interest in the classi- 
fication of the whole assemblage caused him to consider them as one 
family. In his last extensive treatment of a good portion of the 
whole weaverbird complex, Chapin (1954, pp. 286-287) has this 
to say: 

The three most highly specialized subfamilies are believed to be the Pas- 
serinae, Ploceinae, and Estrildinae. The most primitive group of all is the 
Bubalornithinae, which at one time I believed should be treated as a distinct 


family. In 1925 Peter Sushkin convinced me that the Plocepasserinae are dis- 
tinctly intermediate between the buffalo-weavers and the sparrows, and he 
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regarded Sporopipes as fairly close to the ancestral line of both Ploceinae and 
Estrildinae. 

I still find it difficult to visualize a possible common ancestor for these two 
subfamilies. Sushkin considered the Vidua group to be fairly close to the 
Estrildinae, yet showing some rather primitive characters in their anatomy. I 
have always felt that the Viduinae, now commonly raised to subfamily rank, are 
closely allied to the Estrildinae, of which they appear to be always nest parasites. 
They share the curious mouth markings and gape wattles of nestlings, and these 
were not acquired independently, in my opinion, by the Viduinae through 
mimicry. 

None of the characters that have been cited for the recognition 
of the Estrildidae is completely trenchant, and none is wholly con- 
stant. While it is true that the estrildines show no seasonal plumage 
dimorphism, which many of the ploceids do have, there are numbers 
of the latter group that agree in this respect with the waxbills. 
Among such examples may be cited such genera as Amblyospiza, 
Bubalornis, Dinemellia, Histurgops, Malimbus, Passer, Petronia, 
Philetairus, Phormoplectes, Plocepasser, Ploceus (many species, 
especially of the subgenera Heieryphantes, Hyphanturgus, Icteropsis, 
Melanoploceus, Melanopteryx, Otyphantes, and Xanthoploceus, al- 
though many other species have marked seasonal plumages in the 
adult males), Sorella, Sporopipes, and Symplectes. As shown in my 
1960 summary, the presumed behavioral differences are also not con- 
stant and therefore they cannot be looked upon as trenchant systematic 
criteria. It may seem that the point at issue is a very minor one— 
whether we have two closely related families or two subfamilies of 
one family—but the difference in the status of the two is supposed 
to reflect something of the closeness or remoteness of their relation- 
ship, and this is important. 

The ceca euinen of a separate family Estrildidae, hase on ad- 
mittedly ‘average,’ nontrenchant characters, would result in either 
of two unfortunate situations. If the viduines were to be included 
as a specialized subfamily of the waxbills, the supposed criteria of 
the family would break down completely. If the viduines were not 
included, but were left as a subfamily of the Ploceidae, they would 
then be separated systematically from the birds to which they seem 
most closely allied. The closeness of their affinity to the waxbills 
appears to be agreed upon by most students of the viduines—Chapin, 
Delacour, Friedmann, Sushkin, and others. For that matter, Steiner, 
who places them as a subfamily of the Ploceidae and recognizes a 
separate family for the waxbills and their relatives, admits that the 
widowbirds developed reflection globules and buccal patterns essen- 
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tially similar to their estrildine hosts, “. . . auf Grund wirklicher 
Verwandtschaft ... ,” and he considers the Viduinae as the sec- 
tion of Ploceidae nearest to the Estrildidae. 

The immediate problem of uppermost concern to me was, and still 
is, how to interpret most cautiously and most accurately the parasitic 
breeding habit of the viduines, and it was obvious that to do so 
entailed an appreciation of the degree of their phylogenetic affinity 
to their chief hosts, the waxbills forming the estrildine group. 

If the two groups, Viduinae and Estrildinae, were considered as 
closely related and as stemming from a common ancestral stock, the 
striking similarity in the mouth markings and reflection globules of 
their nestlings could be interpreted readily as something retained by 
both from the stock from which the two groups bifurcated. If, how- 
ever, the two groups were looked upon as not so closely related 
and as not derived from a common ancestry, this important feature 
of their young would have to be treated as a parallel development, 
and quite probably as an adaptive one on the part of the parasitic 
Viduinae. This is, in fact, what Steiner concludes when he writes 
(translation mine) that “in the viduines, as a specialized small sub- 
family of the ploceines, we have nothing else but a case of true 
mimicry, which, in the imitation of the mouth markings, is not more 
astonishing than are other known examples in insects, snakes, and 
other creatures, and which have developed in the viduines in place 
of the complicated reflex behavior of nestlings of other brood para- 
sites . . . ,” such as the evicting behavior of young cuckoos of some 
species, and the deliberate and usually lethal attacks by newly hatched 
Indicators on their nest mates. Steiner expressly calls the mouth 
markings a “spermestid character” in the viduines, and he considers 
that in any evaluation of them a decisive role would have to be as- 
signed to the thought that the viduines obtained or developed 
“through true relationship, in their 6 or 7 species, various distinct 
mouth-markings similar to those of their similarly distinguishable 
host species—Pytilias, Granatinas, Lagonostictas, and Esirildas. This 
would presume that each of their species had developed with its co- 
ordinated host species from a primitive form, which, in retrospect, 
must be assumed to have had a disclosed value for each presumed 
parasite-host pair of species.” As I pointed out in my account, this 
point of view has also been stated by Southern (1954), who accepted 
the opinion that the viduines were extremely specialized brood para- 
sites, each species being practically an obligate parasite of a single 
species of estrildine host to which it was thought to be permanently 
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attached by virtue of a “very complicated form of mimicry... .” 

The great difficulty in accepting this appraisal of the host-parasite 
situation lies in the fact that the several species of Vidua are not each 
rigidly restricted to single species of hosts. Of some of these birds 
our knowledge is still very scanty (or even wanting), but of others, 
such as V. macroura with 18 recorded kinds of hosts, V. regia with 7, 
V. chalybeata with 2, and Steganura with 9, the available data cer- 
tainly contradict any postulated rigid host specificity. To account for 
the development of nestling mouth markings similar to those of the 
host species would necessitate, as Steiner himself outlined, a strictly 
limited host-parasite specificity, and this we do not find to be the 
case. It is true that each of the species of viduines does appear to 
have a single most-favored host, but the percentage of deviates from 
it is too great to ignore. Thus, of the best known species, Vidua 
macroura, | was able to assemble data on 77 records with 18 species 
of hosts, and of these more than three-quarters were of 10 species 
of waxbills of the genus Estrilda and more than half were of the 
races of a single species, Estrilda astrild. However, the different 
species of waxbills differ as much in their mouth markings among 
themselves as do the species of Vidua. If, as Steiner implies, the 
mimetic similarity of buccal patterns of each species of parasite and 
its normal host can only be looked upon as having an importantly 
selective survival value, we would expect a considerably higher ad- 
herence to the specific host relationship it is supposed to serve. 

It might be considered that there mzy have been such a rigid host 
selection originally and that subsequently the parasites broadened 
their range of fosterers, but this would imply a subsequent denial 
of an original, and ostensibly a continuing, selective force. In view 
of the inconstant nature of the differences tabulated in support of 
familial rank for the waxbills, and in view of the great difficulties 
such an arrangement would make in interpreting the breeding biology 
of the widowbirds, I still think it better to keep them all in one 
systematic family group. 

It has occurred to me that the above argument may make it seem 
that the conclusions arrived at may imply something akin to a manipu- 
lation of classification to simplify or to eliminate what would other- 
wise be a perplexing problem, rather than to maintain a systematic 
arrangement based purely on traditional characters, and to let the tan- 
gential problem continue to perplex us if need be. This is not the 
case, as the characters advanced by the proponents of familial rank 
for the waxbills are not constant, on the one hand, and the mouth 
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markings of the nestlings are also valid morphological characters in 
themselves. The fact that these buccal patterns may be functional as 
well as morphological, and hence to some extent possibly subject to 
the pressure of natural selection, need not rule out the possibility, 
the probability even, that they are also phylogenetically stable charac- 
ters, useful as indicators of relationship. This idea is by no means 
novel at this point, nor was it in my 1960 discussion, where (p. 24) 
I pointed out that Morris (1957, p. 199) concluded that these mouth 
markings were conservative taxonomic characters and as such were 
useful aids to understanding the evolution of the birds that have 
them. 

Nicolai (1961) has recently published in abbreviated form the re- 
sults of a study of the vocalization of several species of Vidua 
under aviary conditions. He studied with a tape recording the sounds 
produced by V. macroura, V. regia, V. chalybeata, and Steganura 
paradisaea and reported that part of the notes of each was a fairly 
accurate copy of the song of their host species. He stated that the 
viduine sounds comprised a “weaverbird-like” series of notes, scarcely 
distinguishable in the four species, and a series of loud notes and 
songs of the respective host species (various species and races of 
Estrilda). Nicolai found in the ploceids and estrildids closest to the 
viduines all songs and notes to be consistently innate and nonvaria- 
ble, and he concluded that probably the notes of the viduines were 
similarly somewhat “fixed.” He went on to speculate that the young 
Viduinae probably acquired their vocabulary from their foster parents 
during their period of dependency in and out of the nest. Only in 
this way did he think the exclusive reproduction of the vocabulary 
of the particular host species could have been made possible. Fur- 
thermore, he pointed out that in the case of VY. macroura, which is 
known to parasitize a number of species of Estrilda, each male had 
invariably only the notes of one host species. There were no cases 
of mixed songs, a fact which he considered in agreement with his 
premise as to how the imitative process could have taken place. On 
the other hand, Nicolai further contended that the “whispering nest 
notes’ of the male, which appear in the vocalization of V. regia 
and V. chalybeata, were learned somewhat later, after the birds had 
become self-sufficient and no longer were in constant contact with 
their fosterers, when the latter began preparing to breed again and 
began nest building anew. 

Nicolai further concluded that whereas, at the close of the period 
of parental dependency, the young of other, self-breeding, passerines 
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might go through what seemed like playing at nest building or play- 
ing at heterosexual pursuit, the young parasitic widowbirds were 
interested in watching the breeding preparations of their fosterers. 
The precise observations they made and the degree to which they 
seemed to incorporate these impressions were thought to become im- 
portant later in their lives in helping to synchronize their reproduc- 
tive cycles and activities with those of their hosts, and so to be- 
come significant in the breeding success of the widowbirds. 

Inasmuch as Nicolai’s work has not yet been published with suffi- 
ciently detailed documentation, it is somewhat difficult to appraise 
and to criticize his conclusions. The following comments must be 
read with this in mind, and some doubts that are raised here may prove 
to be baseless. I must stress that the observations, surprising as 
they seem to me, merit serious and respectful consideration. Their 
interpretation seems to be less certain. 

For one thing, in a state of captivity birds may sometimes do 
things they would have little chance of doing or, as far as we know, 
do not do, in a wild state. I do not know whether Nicolai’s birds 
had the presumed fosterers with them in the cage or in nearby cages 
where they could hear them. If they were not actually raised in 
captivity by these fosterers, one wonders how Nicolai could know 
which was the foster parent species in each instance, unless he as- 
sumed the most likely one from the total recorded literature (as 
was brought together in my book), or unless he assumed the iden- 
tity of the host from the vocabulary of the parasite. The latter 
would be a matter of circular reasoning which would hardly be con- 
vincing, and which I cannot believe was done. Yet this was the way 
in which some of Neunzig’s original (1929) conclusions seem to have 
been achieved. 

I am wholly convinced that it is possible to learn many things, 
including vocalizations, from captive birds that it would be very 
difficult to learn in the free state, but I am still surprised that no 
one ever reported any constant and marked specific differences in 
the notes of the various species of Vidua in Africa. Although my 
own fieldwork is now many years past, and I do not pretend to re- 
member accurately the songs and calls of these birds, I can find no 
mention in my journals of any marked differences between them, 
and I have found no published observations of others to this effect. 
This suggests that the differences noted in aviary birds are not suffi- 
ciently striking to be obvious in the field but require close-up ob- 
servation for their discrimination. As a matter of fact, the vocali- 
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zations of the various host species of the genus Estrilda, as de- 
scribed in the literature, are all quite similar, or at least their 
specific patterns vary only slightly among themselves. This does not 
mean that the differences are less real, but I cannot dispell the 
thought that these portions of the songs resembling the notes of 
the presumed host species may have been due to the limiting condi- 
tions of the aviary, whereas the “weaverbird-like’’ notes common to 
all four species agree with what is known of their calls in the state 
of nature. 

The very abbreviated form in which Nicolai’s data were reported 
caused them to appear to imply further evidence for a definite host— 
parasite relationship, but this is not actually implicit in them. We 
are not informed how many individuals of each species of viduine 
were observed or under what conditions. Thorpe’s (1958) work on 
the learning of song patterns by small passerine birds, especially the 
chaffinch, has indicated that the learned, as opposed to the innate, 
pattern of song is restricted to the “first 13 months of life and towards 
the end of this time there is a peak period of learning activity of a 
few weeks during which a young Chaffinch may learn, as a result 
of singing in a territory, the fine details of as many as six different 
songs.” If Nicolai’s assumption is correct, that the young parasitic 
widowbirds learn the utterances of their foster parents during the 
first two or three weeks of life, they are apparently more precocious 
than chaffinches in this respect. Furthermore, we may recall that 
in the case of parasitic cowbirds and cuckoos there is no sign what- 
ever of the young learning any of the vocalisms of their fosterers. 
This cannot be looked upon as meaning that the same situation 
necessarily is true for the parasitic weavers, but judgment must be 
delayed until evidence is forthcoming. If eventual fuller publication 
of Nicolai’s work should convince us that the viduines enhance their 
reproductive potential even very slightly by vocal mimicry of their 
common hosts, we would have to admit an unexpected uniqueness in 
these birds. 

Another study that appeared too late for me to discuss in my ac- 
count was Ziswiler’s (1959) paper on features of the ontogenetic 
development of the waxbills. While presenting some data on the 
relative lack of sensitivity of later developmental stages to increas- 
ingly long interruptions of brooding, and also some data on the 
postembryonic (i.e., nestling) growth curves of several species, 
Ziswiler does not concern himself with the viduines at all; he does not 
even mention them. His paper therefore gives us no opinions to eval- 
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uate in the present connection. He does consider the waxbills a sys- 
tematic family, but he gives no arguments or data either supporting or 
contradicting this treatment. The data he does present are not given as 
systematic criteria and show nothing peculiar to the “Spermestidae.” 

The problem as to which of the numerous described species or 
races of the combassous are really valid still awaits an answer based 
on much more extensive and more complete knowledge of them in 
the field. From my own field studies of many years ago and from 
much more recent examination of large numbers of museum speci- 
mens I arrived at the arrangement given in my 1960 publication. 
However, almost simultaneously, Wolters (1960) proposed a some- 
what different treatment, based in part on observations of aviary 
birds. These differences are not particularly important, as no one 
has the data on which to formulate a completely convincing and 
wholly satisfying classification, but they do point out that until such 
information is assembled, all our judgments can have only limited 
validity. In our understanding of the combassous, as contrasted with 
the present knowledge of the long-tailed viduas, we are still con- 
fronted with the species of the systematists rather than the species 
of the naturalists. This is bound to continue until the living birds 
are studied much more thoroughly, as further examination of their 
preserved corpses will only lead to divergent and inconclusive 
arrangements. 

Still more recently, Wolters (1961) has published an arrangement 
of the viduines in which the short-tailed species (subgenus 
“Hypochera’’) are placed at the top, whereas I put them at the base 
of the group. Wolters considers the absence of elongated rectrices 
in the breeding plumage of adult males to be a secondarily arrived 
at condition, and that the long-tailed species (subgenus Vidua 
proper) are to be looked upon as representing the original, ancestral 
character of the group. Also, he suggests that Steganura is the basic 
or primitive member of the viduines, whereas I placed it at the apex 
of the assemblage. While it is obvious that each of us came to our 
respective conclusions on the basis of all the evidence we could 
muster, it now becomes clear that, in the absence of any really con- 
clusive data, these alternate, and, in fact, opposite, arrangements can 
only be looked upon as interpretations of the purely circumstantial 
evidence afforded by the appearance and the habits of the existing 
species. Actually the two classifications agree closely in the relative 
placement of the included species and genera, but differ in their over- 
all orientation. 
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In defense of the arrangement proposed in my book I can only 
repeat here what I outlined there, namely, that inasmuch as rectricial 
elongation in male nuptial plumage is a character that has developed 
wholly independently in two of the main groups or sections of the 
family, it seems probable that within each of these groups the short- 
tailed species are nearer the stock from which they evolved than are 
their long-tailed relatives. There is nothing in the life histories of 
the short-tailed species to suggest that they are in any way more ad- 
vanced than their congeners with elongated rectrices; in fact, the 
reverse is more in keeping with our still all too incomplete informa- 
tion. The courtship antics of the combassous are simpler, less in- 
volved, apparently more primitive than are those of the long-tailed 
species. All the viduines are quite similar in their vocalisms and, ex- 
cept for size (in Steganura), in the appearance of their eggs. It is 
perhaps a necessary commentary on so much of our present avian 
systematics to end this discussion with the observation that the one 
point of agreement in all these attempts is that we need to know 
more about the birds themselves. 
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I. INTRODUCTION 


The present report concerns the behavior of growth layers in the 
stems of three mature specimens of Pinus ponderosa Laws., which 
were felled and sectioned August 22, 23, 1947. 


PURPOSE 


Previous studies of tree growth by Shreve (1924) and by Glock 
(1937) emphasized the need for a thorough study of dissected trees 
from a botanical and dendrochronological standpoint. These studies 
also emphasized that we needed to know more about the behavior of 
individual growth layers throughout the stem of a tree and, in addi- 
tion, the extent to which results obtained by microscopic work on 
branches (Glock, Studhalter, and Agerter, 1960) could be carried 
into the trunk with some assurance that the growth records approxi- 
mately paralleled each other. These were our primary objectives. 

Secondarily, and more specifically, we wanted (1) to trace the 
relationships of growth layers throughout the stem—absolute and 
relative thicknesses around the circuit, along the trunk, and into the 
branches ; (2) to trace the distribution and extent of lenticular growth 
layers in branches and trunk; and (3) to determine the constitution, 
distribution, and relationships of possible intra-annual growth layers 
(some of which are the so-called “double” or “false” rings). Much of 
the value of work in growth layers which has been or is being done 
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depends upon the answers to the problems inherent in the above 
purposes. 

On the whole, the work has two aspects: The evaluation of growth 
layers as they exist at one place in a tree or over the entire stem, and 
a contribution to the understanding of tree growth. It is hoped that a 
small addition to our knowledge of the two has been made. 
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II. RELATED WORK 


Many trees have no doubt been dissected, but very few have been 
used for detailed exploration of each growth layer throughout the 
stem. Although a full cross section will permit a study of circuit 
uniformity, the common procedure is to average the measurements 
of several radii. The necessity for such an average implies a certain 
lack of uniformity. The use of two increment cores from the same 
tree would of course constitute a study of uniformity in its most 
rudimentary form. 

Shreve (1924) dissected a Monterey pine (Pinus radiata) from the 
coast of central California into 20 sections 1 meter long. Two or three 
radii were measured on each section. Shreve found that a ring is 
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seldom ‘‘continuously greater or less than an adjacent ring when 
followed for several meters up the trunk” (p. 99). Circuit uniformity, 
he found, was none too good because of the many cases of irregularity 
in the relationships between adjacent growth layers. 

Burns (1929) did not actually state that he dissected trees in his 
work in Vermont. However, he does mention uniformity and he adds 
interesting remarks on the use of linear dimensions of growth layers 
in contrast with volume dimensions. “The diameter growth of the 
stem must include the entire increment. This is not laid down evenly 
in the trunk and the width of the ring at any one place cannot be an 
index of the total increment” (p. 5). Burns refers to the work of 
Hartig “and many others who have pointed out the variations in width 
of the same ring at different elevations on the tree” (p. 5). Shreve, 
he said, recorded a similar fact for Monterey pine, as did Adams for 
Jack pine. 

MacDougal (1936) worked with pine and redwood in the coastal 
region of central California. A table of ring widths (p. 33) on cores 
from each of six directions shows great variation around the circuit 
and much variation from 4 to 1 meter up from the ground. An old 
pine and a redwood were observed to add wood to the upper part 
of the trunk and branches after radial growth had ceased at the base. 
Layers of wood may be added locally around the circuit or longi- 
tudinally because of root or branch influence. A great share of 
MacDougal’s work was done by the dendrographic method. 

Glock (1937) completely dissected a mature ponderosa pine and 
found that “each annual ring has a high degree of uniformity around 
the circumference and lengthwise of the stem” (p. 62) in a relative 
sense. Agreement between amount of tip growth and thickness of 
corresponding growth layers was of a “high order, although it is not 
perfect” (p. 54). Agreement among one root and three branch sections 
was “fairly good” (p. 54) considering the nature of the materials. 
Lenticular growth layers appeared to prefer the upper part of the 
tree, and the gaps between the cusps of the lenses clustered on the 
west side of the bole. In the case of double rings the situation was 
a bit more complex. Generally speaking, doubling increased upward ; 
however, this may have been due to “proximity of the top, or proxim- 
ity of the axis” (p. 53). “The chances are about even that a ring 
which is double either at the base or at the top of the stem will not be 
double at the opposite end” (p. 53). 

Graphs given by Glock were analyzed for uniformity of trend. 
The growth layers of the section taken 74 feet above ground had 
been measured along six radii, and these six were then compared with 
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regard to uniform increase or decrease from one growth layer to the 
next. In 77 cases out of 265, one or more of the radii did not agree 
with the others in the direction of increase or decrease of thickness 
in a specific year. The section at 31 feet above ground showed 47 
cases of disagreement out of 195. At 49 feet above ground the section 
showed 42 cases of disagreement out of 162. 

Two tests were applied for vertical uniformity. The averages of 
the three sections at 74 feet, 31 feet, and 49 feet were compared for 
uniformity of growth trend from 1830 to 1879. In 7 out of 49 cases 
there was disagreement, and in 4 of these 7 the lowest section failed 
to agree with the upper 2. For the second test of vertical uniformity, 
the most representative radius of each of the 10 sections was chosen 
for comparison. There were 42 cases of disagreement out of 115. 
Of these 42, 13 disagreed in one section only. Of these 13, 6 were 
in the basal portion of the trunk. 

Only when averages were used does there seem to have been a high 
degree of uniformity in this ponderosa pine from near the lower 
forest border. 

Marr (1948) studied tree growth close to the north edge of the 
forest-tundra ecotone in the Richmond Gulf region on the southeast 
shore of Hudson Bay. Three of the largest symmetrical trees, spruce, 
were dissected by taking cross sections 5 feet apart, the first of the 
five or six sections being taken 1 foot above the soil. Four cores from 
each of about 10 other trees were taken from each stand. In the 
material collected, Marr found excellent circuit and vertical uni- 
formity. “Study of a single core taken at any point, therefore, gives 
an accurate representation of the relative width of the growth-layers 
in trees of this region and an average of data obtained from cores 
along four radii is more than adequate. It should be emphasized that 
these statements apply to relative growth only and do not hold true 
for absolute quantity of growth” (p. 139). All the material collected 
did not yield a single example of a lenticular growth layer or of 
multiple layers in a year, no doubt owing largely to the very short 
growing season. 

Bannan (1941) studied the roots of eight species of Ontario 
conifers and found the thickness of growth rings to be highly variable, 
one ring being thick whereas those preceding or succeeding were thin. 
Some rings were more or less uniform around the circuit, others 
decidedly eccentric. 

Burns and Irwin (1942) apparently dissected 53 trees, 26 red 
pine and 27 white pine. In height the trees averaged from about 
20 to 26 feet. Sections were taken at approximately 18-inch intervals 
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so that 14 sections were obtained from each tree. “Increment borings 
were not used as growth indicators since, as has often been shown, 
the width of the annual ring at any level is not directly proportional 
to the annual increment’s total volume” (p. 6). Measurements along 
six radii of each section were averaged. From this it is inferred that 
circuit variation was sufficiently great to require an average. Attention 
was concentrated on the thickness of the 1940 annual ring, which in 
all cases was thinnest near the bases and the tips of the trees. Thickest 
portions of the 1940 annual increment occurred at 14 to 6 feet below 
the tip of the leader. Among the many trees measured, the thickest 
portions of the increments exceeded the thinnest portions in the same 
tree by factors ranging from 1.75 to 13. 

Oosting (1948) cited an extreme case of circuit nonuniformity 
discovered by W. S. Cooper. A trunk section taken at 24 feet above 
ground from a Monterey cypress which grew near Carmel, Calif., 
had a diameter of 74 inches parallel to the prevailing wind and 9 inches 
across the opposite diameter. The leeward portion of the section 
showed 304 rings whereas the windward showed only 50 rings. This 
of course is an extreme illustration of eccentricity, a feature not 
uncommon in trees growing in exposed positions, in old branches of 
the high-altitude western juniper, and many redwood trees. 

From a study of 75 trees distributed among four species of southern 
yellow pine, Paul and Smith (1950) concluded that thick growth 
layers were more prevalent in the lower than in the higher part of 
a tree. This is the reverse of what many others have found. 

Miller (1950) took sections from the basal and the top areas of 
four black oaks, Quercus velutina, and of six white oaks, Quercus 
alba, in Indiana. The growth layers of each section were measured 
along four equidistant radii and the measurements added. In the com- 
parison of top and bottom sections, trend coefficients were used to 
show amount of agreement. For the black oaks the agreement be- 
tween top and bottom averaged 82 percent, ranging from 76 to 86 
percent; for the white oaks the agreement averaged 80 percent, rang- 
ing from 71 to 87 percent. Such figures imply only fair agreement. 

Lyon (1953) dissected two white pine, one hemlock, and one red 
spruce from New Hampshire. Cross sections were taken as follows: 
One white pine, 7 sections, 5 feet apart; second white pine, 9 sections, 
8 feet apart; a hemlock, 5 sections, 8 feet apart; and a red spruce, 
10 sections, 8 feet apart. After the “average of ring-width along 
three good radii for each section” (p. 11) was obtained, the average 
thicknesses of the growth layers for each section for three of the 
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trees were plotted, whereas sections of the second its pine were 
compared by a series of skeleton plots. 

In the first white pine, “the vertical uniformity is hier for the 
portion of the trunk without large branches” (p. 11). “The integrity 
of crossdating for all sections is obvious from 1900 on and reasonably 
good for all but the oldest portions of the four lower sections” (p. 11). 
An analysis of the graphs of the seven sections from 1900 onward 
showed that, in 31 cases out of the 46, the increase or decrease of 
growth from one ring to the next did not correspond in one to three 
sections compared with the rest. In other words there were 31 cases 
out of 46 of nonuniform response. The 31 negative responses con- 
tained 13 cases wherein only one section disagreed with the rest. 

In the case of the second white pine, Lyon said, “vertical uniformity 
is good enough . . . to permit crossdating between any of the nine 
sections” (p. 14). He adds, however, that allowance would have to 
be made in crossdating because of new lows at crown levels. 

The data derived from a study of the hemlock “emphasize the 
essential vertical uniformity of the hemlock and its value for problems 
of both climatology and archeology” (p. 14). An analysis of the 
graphs of the five sections from 1900 onward showed that, in 22 cases 
out of 46, the increase or decrease of growth from one ring to the 
next did not correspond in one to two sections compared with the 
rest. The 22 negative responses contained 8 cases wherein only one 
section disagreed with the rest. 

In the red spruce, Lyon found “about the same degree of uni- 
formity” (p. 14), although from 1862 to 1945, in contrast with 
several decades prior to 1860, growth had very little variation from 
year to year. | 

As stated previously, many trees have undoubtedly been dissected 
for one purpose or another, and many have been felled to obtain a 
single transverse section. The least material taken from a tree entails 
the removal of two or more cores. Of the numerous cases not involv- 
ing full dissection the following may be cited perhaps as typical and 
as having some reference to the present work. 

Nordlinger (1861) said that the first ring of what he thought to 
be a double annual became thinner down the trunk. MacDougal 
thought that Hartig (1869) was the first to write that rings in over- 
topped pine and spruce might extend only part way from the bases 
of the branches toward the base of the trunk. In 1871 Hartig con- 
sidered ring thicknesses at different levels and ascribed the variations 
to availability of nutrients. Kny (1879), in contrast with Nordlinger, 
found that the second growth layer of a double became thinner down- 
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ward on the twig. As a matter of fact, he found that doubles were 
not constant either longitudinally or around the circuit, or from one 
branch to another. The work of Jost (1891) gave essentially the 
same results. 

In a book published in 1909, Mills described the life history of a 
big yellow pine which grew within sight of Mesa Verde. The tree 
was 115 feet tall and 8 feet in diameter breast high. Mills cut and 
split the trunk and limbs, and thoroughly dissected the roots. He also 
dissected another pine on the St. Vrain watershed, but apparently no 
uniformity studies were made in spite of the great labor involved. 

Haberlandt (1914) stated that ring widths increase upward on the 
trunks of conifers. In contrast, Janka (1918) stated that ring thick- 
nesses in larch generally decrease upward. 

Among oaks introduced into Java from the Temperate Zone, Coster 
(1927) observed second tip flushes whose corresponding growth 
layers did not go far down the branch. Btsgen-Miinch (1929) noted 
that different thicknesses at different heights on the trunk followed 
injury or suppression of the tree. 

Baker (1934) divided the regions of thickest annual rings into two: 
(1) Physiological, just below the crown where nutrition of the 
cambium is the best, and (2) mechanical, near ground level where 
mechanical stress, as that due to wind, is important. In very dry 
years or in case of serious defoliation spread over more than one year, 
the annual growth for the second year may be merely a narrow ring 
in the upper part of the tree. 

Schumaker and Meyer (1937) took cross sections at ground level, 
at 4, 8, and 12 meters, from 12 white fir 32 to 38 meters high. Three 
radii, 120 degrees apart on the 4-meter sections, were averaged and 
the results used in statistical calculations. 

Hansen (1938), working in the Snowy Range of Wyoming at an 
elevation of 10,000 feet, took north-south cores 2 feet above the 
ground through the trunks of some 47 spruce trees. Growth to the 
south was nearly 50 percent greater than to the north. In 1940 
Hansen took north-south cores at breast height from 40 spruce and 
fir in the Medicine Bow Range of Wyoming. The differences on the 
two radii were negligible. In 1941 Hansen took north-south cores, 
10 from each of 3 species, western yellow pine, western larch, and 
Douglas fir, which grew in central Washington. He used the average 
of the two radii and found little or no deviation between them. 
“Intraspecific cross identification was readily effected and perfect 
agreement with respect to increase and decrease in ring width occurred 
for many years, .. .” (p. 170). 
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Trendelenburg (1939) said that vertical uniformity of ring thick- 
nesses tends to be the rule. 

The prevention of sway in Monterey pine and in eucalyptus caused a 
reduction of diameter growth in the lower trunk (Jacobs, 1939). 

Friesner (1940) studied sections of black oak taken 12 to 18 inches 
above the soil and found that the growth on the radii vertically above 
roots averaged 5.5 to 15.6 percent greater than the growth vertically 
above the spaces between roots. Age increases the number of years 
when this holds true. Competition from other trees and variations 
in slope did not seem to affect asymmetrical growth, although there 
was some evidence in favor of the uphill side. 

Schulman (1940) distinguished two types of coast redwood, one 
characterized by the presence of, the other by the absence of, circuit 
uniformity. The second type possessed many discontinuous or 
wedged-out rings. One redwood at the 140-foot level “showed good 
crossdating between opposite radii for the first 600 years of growth 
with no missing rings and approximately concentric growth. For the 
next 340 years, however, growth became extremely compressed and 
one-sided and the short radius showed 99 rings missing as compared 
with the long radius in this interval” (p. 23). Of course there was 
no crossdating in the 340-year sequence. The redwood may represent 
a special case, and even the presence of crossdating does not necessarily 
mean excellent uniformity. 

For the purpose of comparing tree growth with rainfall, Meyer 
(1941) obtained 16 cross sections from hemlock of northern Pennsyl- 
vania and averaged three radii on each section. 

Will (1946) preferred a cross section if available. “A full circular 
section is preferable for study as there are often variations in the width 
of rings at different points in their circumference” (p. 4). 

In his study of a Douglas fir believed to be 800 years old at Mesa 
Verde, Schulman (1947) measured ring widths along several radii 
and used them to construct a growth record. 

Eames and MacDaniels (1947) stated that ring thicknesses vary 
in different parts of the plant, thickening occurring below the inser- 
tion and along the under side of branches, about wounds, and near 
other abnormalities. 

Hustich (1948), working in Finland, depended to a great extent 
upon cores, and one may presume that he felt he could rely upon 
one radius to represent a tree. In his work on the Scotch pine (1948) 
he had 553 cores from which he selected 214 for his studies. He took 
his cores at a height of 1.3 meters and on the south side of the trees. 
In 1949 Hustich examined about 1,000 pine seedlings and hundreds 
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of cores of pine and spruce. He was not sure that he had seen a 
single case of a so-called false or double ring. 

Lyon (1949) sectioned six white pine in New Hampshire and 
averaged ring thicknesses on three radii. 

Brown, Panshin, and Forsaith (1949) stated that increments 
grown under optimum conditions are widest near the top and nar- 
rowest at the base of a tree. Also, they narrow from the pith out- 
ward. 

Wareing (1950) quotes Priestley and Scott to the effect that radial 
growth in diffuse-porous trees moves basipetally from expanding 
buds with relative slowness but that in ring-porous trees resump- 
tion of growth takes place rather rapidly throughout the trunk at an 
early stage of bud development. As an experiment, buds were re- 
moved from an ash on March 30. Wide vessels were formed 
throughout the tree, greatest near the base of the main trunk and 
least in the twigs. From this Wareing concluded that the gradient 
in cambial activity showed that no influence traveled from the buds 
to the basal trunk. 

Marts (1950) sectioned 10 longleaf pine at 4-foot intervals and 
calculated average ring thicknesses along four radii taken at the 
cardinal directions. 

Miller (1951) cut nine sections of maple in Indiana, measured 
three radii, and added the thicknesses of rings along the three radii 
of each section. 

In British Columbia, Mathews (1951) studied the fluctuations 
of alpine glaciers by comparing trees overturned by ice advance with 
trees standing a few yards away. No wholly satisfactory correlation 
could be made perhaps because of missing or false rings. “. . . the 
presence of such missing or false rings is indicated by studies of du- 
plicate cores from different sections of the trees” (p. 366). 

In his review of the work of Lodewick in the northeast, Schneider 
(1952) said “Lodewick concluded that the measurement of new 
xylem in sections was the only accurate method for determining 
radial growth which occurs over short periods of time, but he real- 
ized that the width of annual rings is variable around the tree” 
(p. 332). Schneider found that cambium could be active locally on 
some trees late in the summer. 

Ghent (1952), working on trembling aspen in Ontario, considered 
cores to be of less value for ring measurement than sections. He 
measured three radii on each section and “Empirical tests indicated 
that between 90 and 95 percent of the actual growth trends of trem- 
bling aspen are accurately depicted by the average of three radii’ 
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(p. 86). “Studies made on trembling aspen at Black Sturgeon Lake 
showed little difference in the growth pattern along the main trunk, 
except within the early rings . . .” (p. 86). 

Holmsgaard (1955) examined ring variations rather extensively 
in Denmark. Examining several trees at six different heights, he 
found fair uniformity. Annual rings were found to be absent in 14 
cores out of 53 trees in one locality. When he took 3 new cores from 
each of these 14 trees he found absent rings in 5 cases. “The ab- 
sence of annual rings seems to have been caused by heavy seedbear- 
ing” (p. 182). Study of beech on a poorer site was abandoned be- 
cause of “too great dating inaccuracy” (p. 182). 

Students have studied tree growth and wood anatomy from many 
different viewpoints. None gives us the detailed information we 
are here seeking, but each gives a hint concerning the disposition 
of growth layers within the stems of trees. 

Theodor Hartig (1854) thought that growth began in the crown, 
commonly at the buds, and progressed downward. Nordlinger 
(1872) said that diameter growth in oak began at the tip and pro- 
gressed downward, whereas in the chestnut it began at the base and 
progressed upward. Strasburger (1891) said that in hardwoods 
growth began in the middle of the trunk. 

Child (1883) described a Vermont hemlock which was used in 
a boundary dispute. Perhaps because the tree had 40 to 50 growth 
layers on one side and 9 or 10 on the other, the court ruled that 
rings were not a sure indication of a tree’s age. In Nebraska, Child 
said, there were many examples of multiple rings. A pig hickory, 
11 years old, had 16 rings; a green ash, 8 years old, had 11 rings; 
a Kentucky coffee tree, 10 years old, had 14 rings; a burr-oak, 10 
years old, had 21 rings; and a black walnut, 5 years old, had 12 rings. 
Child also studied a section of spruce from Puget Sound known to 
be nearly 15 years old; it had 18 rings on one side and 12 on the 
other. Of course we do not know whether these sections came from 
typical or atypical trees. 

Brown (1912) studied growth in two examples of pitch pine in 
New York. Growth began at some distance below the apical shoot 
and progressed both downward and upward, spreading down the 
main axis faster than along lateral shoots. The width of the com- 
pleted ring decreased from apex to base. Double rings, he found, 
were common in old trees. “These might easily cause miscalculation 
as to age” (p. 401). 

In 1915 Brown studied growth in 50 eastern white pine. Several 
of them were felled and sectioned. In general, growth began and 
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ended first in the upper parts of the trees. The amount of growth 
was very irregular at different heights in the trees, but the cambium 
tended to even up. Irregularities of growth characterized not only 
the dimensions of newly formed tissues but also the xylem elements. 

Bethel (1941) dissected six loblolly pines in order to study the 
relation of fiber length to height of tree. 

Church (1949) reviewed the effects of defoliation, both natural 
and artificial, and concluded that growth was reduced to the greatest 
extent in the basal portion of the tree in a majority of cases. How- 
ever, growth had not been reduced at a uniform rate throughout the 
stem. 

Chowdhury and Tandan (1950) worked with broad-leaved trees 
in India and found that radial growth began at the end of the previ- 
ous year’s shoot and progressed downward. 

According to Amos, Bisset, and Dadswell (1950) growth in 
eucalyptus commonly began at the higher levels. Because of varia- 
tions in width of growth layers within the tree, counts were made 
from opposite sides of a tree in many cases. They also studied fiber 
length in different parts of the trunk and in different parts of a 
growth layer. Wardrop (1951) observed the length of tracheids in 
conifer stems and determined that their length increased in any one 
growth layer from the base of the tree upward until it reached a 
maximum some distance up the stem. 

A study of the literature reveals many instances of trees felled or 
sectioned or cored for one purpose or another. Not too many cases 
exist of rather complete stem analysis. Many fruitful studies remain: 
The areal characteristics of growth layers; the microscopic charac- 
teristics of cells in different parts of a tree and different parts of 
various growth layers; and the rhythmic and compensatory activity 
of the cambium in different portions of the stem. 


MiePeOCALTON 


Figure 1 shows the general location of the tree groups which have 
been under study since 1934. The O’Leary groups, containing the 
three dissected trees, are represented by the rectangle north of Flag- 
staff. On figures 2 and 3 vegetational and climatic relationships are 
shown in a highly generalized fashion. 

The geographic locations and topographic relations of the three 
tree groups, each of which gave one of the dissected trees, appear 
in some detail on figure 4. All groups approached directly from 
U. S. Highway 89 between Camp Townsend and the lower forest 
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Fic. 1—Outline map of Arizona to show location of tree groups under study. 
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Fic. 2.—Generalized natural vegetation map of Arizona to show distribution of ponderosa 
‘pine and pifion-juniper. (From Nichol, A. A., The natural vegetation of Arizona. Univ. Ariz. 


Coll. Agric. Bull. 68, 1937.) 
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Fic. 3.—Generalized average annual precipitation map of Arizona. (From Atlas Amer. Agric., 
Climate, precipitation, and humidity, pp. 6-7, 1922.) 
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border northward on the road to Cameron have been designated 
O’Leary: O’Leary-Border (OL-B), O’Leary-South (OL-SO), and 
O’Leary-Summit (OL-S). Thus the trees felled and sectioned are 
referred to as OL-B-42, OL-SO-57, and OL-S-62. 

The tree OL-B-42 was situated 17 miles north of Flagstaff in the 
southern part of the SE sec. 7, T. 23 N., R. 8 E., about 50 yards 
west of the highway, and on a broad northeast-facing topographic 
spur some 35 feet above the road and flat to the northeast. It grew 
on the northernmost forested spur approaching the road from the 
west just before the road drops to the pifion—juniper and grassland 
zones. 

OL-SO-57 grew on the rather flat top of a westward trending spur 
in a rather hilly area 14.3 miles north of Flagstaff and 2.7 miles 
south of the site of OL-B, in the NE# sec. 29, T. 23 N., R. 8 E. 
It grew 150 feet above the valley to the west and some 80 yards east 
of the highway. 

OL-S-62 grew on a low, rounded ridge declining gently to the 
east, about 150 yards west of the highway, in the N4SE+4 sec. 18, 
T. 23 N., R. 8 E., which is 0.8 mile south of the location of 
OL-B-42 and 1.9 miles north of OL-SO-57. 


IV. ENVIRONMENT 


The trees grew on the San Francisco volcanic field (Robinson, 
1913) in the southwestern part of the Colorado Plateau in north- 
central Arizona. Located on the general slope east and northeast of 
San Francisco Mountain (5 to 54 miles away), they were in a region 
said to be (Douglass, 1928) in the rain shadow of the mountain 
mass. However that may be, the trees grew on a hilly terrain under- 
lain by a mixture of basaltic lava and cinders (fig. 5) in a region 
where the summer rains may be intense and severely local. 
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Fic. 5.—South face of road cut between upland and lowland trees of OL-SO group, 14 miles | 
north of Flagstaff on Highway U.S. 89. 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE-—-GLOCK ET AL. W7 


The volcanic materials rest in general upon the Permian Kaibab 
limestone and locally on later red beds. Small fragments of lime- 
stone have been found on the fresher cinder slopes. Because of the 
elevation of the Plateau, the jointed and porous nature of the Kai- 


Tape 1.—Rainfall data, Flagstaff and Winslow, Ariz., 1897-1946, and 


1915-1946 
Flagstaff Winslow 
1897-1946 1915-1946 
Averasevantnial tainially inchés\.........+.¢.-- 20.27 8.14 
lev ati onmteetancrs ais nic srs o'alevelcte acy pecsleselevens wears, ees 6,907 4,848 
Average monthly departure, %..............005 66.7 72.4 
Average monthly variation, %..............5.: 89.9 99.2 
Average departure, % : 
JESTER SAT Wie AIS A BURMA I BNE Ie aE tote 60.5 73.8 
IDOE UEN TAY, | Cheha Re CREH ereee eg Sieeeae aE A na ee aL 55.1 53.4 
Vian CMP Ie decras naa Sree muomenay Migs S72 69.5 
PNT Tot Me Oe rE ch ace alah Deco atioke aes Sesciolelercucgece medias 70.8 68.0 
IME RE oobi ee ABI SOEEM COIS DRO E aI Sey eo aan Dae 83.1 DES 
ATIC Eee ere crue ire ee ee ie a is auslicnal stave var grasses 94.6 69.8 (113.0) 
Nitly epee e eie ese ticke Mec a/acie sere esie eae eharecasie 46.2 56.7 
PASC UIS UPR ees elie sre al area ue stata el Wie lala Goh ovatiaue 41.1 44.7 
Syopotuerra ore SSN Gans teats en Meu Wee arate le DHE 60.3 64.4 
OVSWCLIEE .Grcaals SSO RIA USI on TIS MINIS 78.5 87.5 
INGverttbenieria nrc s sl me ante are cee A tally eas 88.7 93.4 
WDECEIMMC Tales posites salaiolainiars anise alts 63.6 74.1 
Average variation, %: 
J ROC EIAT SERS ele SE eRe aT aC 74.7 97.5 
LENE DACULA ADs RGIS Snes A RR a A 76.9 86.2 
IM eel AA A a 76.6 89.8 
ANSEL os IRAE Bet Me eG CRSA e ZC RECN OSES 89.6 102.3 
Nita aia se sey tictecsh ices era heen |. AeA oie 79.8 81.0 
VSI GS UI eS RT TE ee Re 120.3 132.5 
SLVR tl erase ee Le occielis aa hapet cue meas orcior alte 100.7 126.3 
PII OMS ER repitete Sets eres LON oud ol eis wl erate ovele aie 65.2 62.2 
September tee ie aN Fis eum yo dae ee 79.7 74.0 
WEtObe RR rare ets ean NN REL I RTE RES IRN 88.9 92.7 
INORG Taa aera Ve EN tn As Se een 122.0 129.8 
December einstein wecins eds suevnakeuesenuels 104.7 INAS 


bab, the porous nature of the volcanic cinders, and the relief of 
border escarpments and canyons, ground-water level must in gen- 
eral be far below the surface. Soil moisture may be at or above field 
capacity locally for brief periods of time. 

Table 1 gives pertinent information? concerning the rainfall of 


1 Precipitation data from United States Weather Bureau records. 
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Flagstaff and of Winslow, which is 54 miles east of Flagstaff and 
far beyond the lower forest border. Winslow data are given for 
comparative purposes, although the O’Leary trees are judged to 
have lived under conditions much more nearly similar to those of 
Flagstaff than to those of Winslow. 

In table 1 monthly precipitation in inches was converted into per- 
centages of the monthly mean. Average departures were calculated 
as the average above and below 100 percent. Average variation was 
taken as the mean of the algebraic differences between monthly 
values. 

In table 2 the intervals, as January to April, were taken as units 
by combining monthly values. Departures and variations between 
months within the month-intervals are given in table 1. The amount 
of average departures and average variations from year to year for 
the different month-intervals is rather striking. 


TABLE 2.—Rainfall data for certain month-intervals at Flagstaff, Ariz. 


Average Average 

departure Variation 
% % 
November=Aprili’s (asco. see eae ee one en 30 43 
January=April) eee eee eee oe eee 28 43 
Janwary-July skys we cucrackaiaieleleashovane arerarors 23 35 
March=June! e232 t. G50 stesietecieteaaiefous svoueve sere 37 57 
March-Jtly) iy. GeO: ales aorta ean Sees one 31 53 


Table 3 is based upon rainfall measurements taken quarterly from 
1934 to 1955 and is included because the Coconino Divide Station 
was approximately one-half mile from OL-S-62. 

A study of tables 1 to 3 reveals fluctuations in rainfall sufficient 
to influence soil moisture which affects trees throughout the year. 
Fortunately, the Coconino Divide rainfall station was rather cen- 
trally located with respect to the tree stations of OL-B, OL-SO, 
and OL-S. Annual rainfall at Flagstaff for the interval 1934-1955 
exceeded that at the Coconino Divide by 14 inches. In 7 years out 
of 22, Coconino Divide averaged 2.90 inches per year more rainfall 
than did Flagstaff; in the remaining 15 years Flagstaff exceeded 
Coconino Divide by an average of 3.30 inches of rainfall. Only 
summer (June-August) rainfall at Coconino Divide exceeds that 
of Flagstaff. Fifteen summers at Coconino Divide average 1.31 
inches more rainfall than Flagstaff; seven summers average 2.04 
inches less. 

Figure 6 demonstrates the dominance of summer rainfall. This 
dominance, for the years 1934-1955, becomes progressively greater 


3.0 


2. 


f=} 
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TaB_E 3.—Ramfall data,* Flagstaff, Ariz., compared with that of Coconino 
Divide, 16 miles north of Flagstaff, 1934-1955 


Flagstaff Coconino Divide 

BST GvepilOr we OEE tev csale: crave osalelsh vesnies« rata vecaocerelate ave ete 6,907 (6,997) 7,282 
Average annual rainfall, inches................ 18.38 17.06 
Average quarterly departure, %............005 39.1 42.9 
Average quarterly variation, %............00. 56.8 58.3 
Average departure, %: 

Witte ran (DCC HED) iivecie sii wiclcis\eiloucievoe «roresars 38.3 46.0 

Soninean(@ ata Mays): wre cc le sre csecys beleiecrcie ere 38.7 49.1 

Summer (Une-Aue.) Succ sl sieec eels tecine, ole 28.1 29.1 

Bale eSepuNOVs) Becerra s secs. su hone suaapsieae 50.9 47.5 
Average variation, %: 

WWVATINEC Tete fake Mle hala ah alatta aoa douacerucines. ate 70.0 76.2 

SHOSCTIVER: S/S SiG rete Ae nee ea et ea SE 49.5 40.0 

SSHELLAVTRETe EEE ey Pie all eae ed ea a na 45.1 58.4 

LOND) 5 ds bc. CUS IE Soe Aer Ra Orta Un A a 63.5 59.0 

* Rainfall measurements taken from Harold Sellers celeere Esccipitation about the San 
Francisco Peaks, Arizona. Mus. Northern Ariz., Techn. Ser. yA 
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| Fic. 6.—Average monthly precipitation. Flagstaff: elevation 6,907 feet; average annual pre- 
cipitation 20.27 inches, 1897-1946. Winslow: elevation 4,848 feet; average annual precipitation 
8.14 inches, 1915-1946. 
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(fig. 7) from the forest interior at Fort Valley (annual rainfall, 
22.63 inches) to Flagstaff (18.38 inches), to Coconino Divide 
(17.06 inches), and to Winslow (7.08 inches) out beyond the lower 
forest border. 

Figure 8 gives the minimum, maximum, and average monthly 
rainfall at Flagstaff and Winslow. It shows clearly that there are 
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Fic. 7—Average quarterly precipitation at Fort Valley (8 miles northwest 
of Flagstaff), Flagstaff, Coconino Divide (14 miles north of Flagstaff), and 
Winslow, 1934-1955. Winter: Dec.—Feb.; Spring: Mar—May; Summer: June- 
Aug.; Fall: Sept—Nov. (Data from Colton, 1958.) 


months with little or no rain even in the rainy season, that there are 
months with heavy rainfall even in the dry season, that dry may 
follow wet months and vice versa, and that different seasons in 
different parts of the year or in different years may be either wet or 
dry. A year does not necessarily follow the record of any single sea- 
son within it; almost any combination of months can be found in the 
monthly rainfall records. There is no reason to believe that the ampli- 
tude, the length, and hence the intensity of rainfall fluctuations at 
Coconino Divide are less than those at Flagstaff. They probably are 
greater; observations during some 14 summers indicates such to be 
the case. 
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Rainfall at the trees OL-B, OL-SO, and OL-S, possesses decided 
variability of two kinds: Month to month and season to season in 
| sequence, and month to month and season to season from one year 
| to the next. If tree growth responds more or less to soil moisture as 
conditioned by rainfall, the O’Leary trees may be expected to show 
variability among their growth layers corresponding roughly at least 
to that of the rainfall, within genetic limitations. 
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Fic. 8—Minimum, average monthly, and maximum precipitation at Flagstaff, Ariz., 1897-1946, 
and at Winslow, Ariz., 1915-1946. Solid color means minimum. 


Each of the three trees felled was chosen as a normal healthy 
tree representing its locality near the lower border of the ponderosa 
pine or Transition Zone. The map of figure 4 shows that there is 
| little difference in elevation among the three trees. 

The tree OL-B-42 grew on an east-facing slope only slightly 
below the crest of a northeastward-trending spur which declines 
within 150 feet to the road and to road level. Approximately 1 mile 
to the north of OL-B site and 200 to 250 feet lower, ponderosa 
ceases to be the dominant tree in the forest although widely scattered 
| individuals go down 200 feet lower. Some 24 to 3 miles beyond the 
| site of OL-B, pifion pine gives way to a pure stand of juniper at 
an elevation of 6,600 feet. Along the highway extending northward 
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from OL-B and with decreasing elevation, ponderosa gives way to 
pifion, pifon to juniper, and juniper to grassland and desert. The 
transition is gradual and the different species intermingle over a rather 
wide range. Even so, the lower border of juniper is extremely 
frayed, with fingers extending for miles. Isolated individuals and 
small groups exist almost down to the elevation of Wupatki Na- 
tional Monument (4,900 feet at the Headquarters). A double trav- 
erse along the highway from the Summit (7,282 feet), or Co- 
conino Divide, to Wupatki National Monument (4,900 feet), a dis- 
tance of 274 miles, gave the following elevations from Wupatki 
upward: Frayed edge of juniper extending over a range of more 
than 1,000 feet, 5,000 to 6,500 feet; first pifion, 6,600 feet; first 
scattered ponderosa, 6,/00 feet; and main stand of ponderosa be- 
ginning at 6,900 to 7,050 feet. 

The slope where OL-B-42 stood varied from a few degrees to 10 
or more. The volcanic soil contains an admixture of cinders and 
small blocks of scoria. Ground litter is extremely sparse or absent 
over large areas. If one may judge from many windblown trees, the 
root system of the ponderosa pine in the region is characteristically 
confined to the upper foot or two of the soil and spreads laterally 
in all directions. Because of the highly porous nature of the soil 
there was very little or no surface drainage to or from the tree. 

OL-B-42 was 23 inches d.b.h. (diameter breast high) in 1946 and 
measured approximately 53 feet in height when felled August 22, 
1947. It was a normal, healthy tree, typical of the stand of which 
it was a part, with a blunt top, well-developed crown, rather large 
leaf area, and many branches (pl. 2). Approximately 80 percent 
of the trunk supported branches, the first live branch coming out 
9 to 94 feet above the ground. Among the trees at the OL-B site — 
west of the highway, OL-B-42 had neither the heaviest nor the light- 
est crown. 

Competition around OL-B-42 was practically nonexistent except 
for a sparse grass cover. Clumps of ponderosa seedlings, 2 to 4 feet 
high, grew downslope to north and northeast sufficiently distant to 
give little or no root competition. Plate 2 shows one of the two 
junipers at the OL-B site. There were also a half-dozen widely 
scattered pifion seedlings (1947) in an otherwise pure stand of 
ponderosa. 

OL-SO-57 ? grew on a generally westward-facing slope and on a 

2 The study and analysis of OL-SO-57 formed the basic material for a doctoral 


thesis by Germann in the Department of Botany at the University of Minnesota, 
1953. 
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Ponderosa pine, OL-B-42, in August 1947, 52 feet high, 23 inches d.b.h. View from 
the northeast, looking partially across and up to rounded spur upon which OL-B-42 
grew. 
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Ponderosa pine, OL-SO-57, in August 1947, 55 feet high, 22 inches d.b.h. View 


from the northeast; beyond the gentle slope upon which the tree stood, there is a 
sharp drop to the valley below. 
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Ponderosa pine, OL-S-62, at the moment of felling, August 23, 1947; 59 feet high, 
22 inches d.b.h. View east by south toward Sunset Crater. Seedlings and saplings 
plentiful. 
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local northwesterly slope. Plate 3 shows a very slight incline at the 
tree, perhaps as much as 5 degrees. A very gentle rise 80 feet to 
the southeast culminates in a small crest of large lava blocks. To 
the west and northwest the gentle slope continues for nearly 100 feet, 
then begins to drop more steeply until at a distance of about 200 
feet it drops precipitously at the road cut. The main drainage way, 
flowing south-southeast and containing an ephemeral stream, lies 100 
to 150 yards to the westward and 150 to 175 feet below the tree. In 
general, the tree stood on the south edge of a broad shallow basin or 
terrace-top surmounting the steeper slope downward to the north- 
west. 

The material underlying the surface at the site of OL-SO consists 
chiefly of a mixture of red cinders and small blocks of red scoria 
(fig. 5). At the surface there are blocks of dark lava up to 2 feet 
long. Ground litter is only slightly more plentiful here than at the 
site of OL-B. The soil shows little evidence of a profile but ap- 
pears to be better developed than at OL-B; it is “richer,” with a 
higher organic content. Organic materials are intermingled with 
weathered and slightly weathered cinders in the upper 2 to 3 inches 
of soil. The black soil at the surface gives way to light brown below. 

On August 16, 1952, two soil samples were obtained from the site 
of OL-SO-57, sample A at a depth of 3 inches, sample B at 15 
inches. Because these samples were analyzed in some detail with 
the help of the Division of Soils of the University of Minnesota and 
because the soil at OL-SO represents an intermediate position be- 
tween OL-B and OL-S insofar as site factors are concerned, the 
soil samples are considered in detail. The trench, cut to a depth 
greater than 2 feet, revealed no evidence of a clay layer or of com- 
pacted material which could arrest the downward percolation of 
water. The entire profile as exposed in the trench and in the road 
cut (fig. 5) is made up of highly porous materials. 

Approximately half the original volume of the two samples con- 
sisted of slightly weathered lava fragments one-half inch or more 
in diameter. These were eliminated in the field. Physical and chemi- 
cal tests were run on the remaining 50 percent of the samples. 

Mechanical separation with a 2-mm. sieve gave the following: 


Sample A (3 in. below surface) 


Volume Weight 

cm. grams 

Nonactive/eravellc ssc. . es. oe 28 51.7 
Active soil material............... 252 287.0 
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Sample B (15 in. below surface) 


Volume Weight 

cm,.® grams 

Nonactivercravelaenceee eerie ann 34 68.8 
Active soil material................ 228 264.0 
SUS Haseena icra 262 332.8 


In addition to the 50 percent eliminated in the field, a further 
5 percent of nonactive gravel in Sample A and 63 percent in Sam- 
ple B were eliminated in the initial screening. 

Analyses of the active materials gave the following: 


Sample A Sample B 
(depth 3 in.) (depth 15 in.) 
To % 
San HMA aN yeaa: RAUL aaa 58 42 
SL Ea Sa PRN LER OU ae as 29 34 
Clay) Unga ns Aas, 13 24 


A rough textural classification of these materials places Sample A 
as a sandy loam and Sample B as a loam. 

Ratios of the constituents in the original field samples before any 
portions were eliminated are as follows: 


Textural summary 


Sample A Sample B 
Grade (depts in.) ee in.) 
Gravel eliminated in the field... 50 50 
Gravel screened—over 2mm.... 5 6.5 
Sard a EOI ae Mes 26 18.3 
SETH Sie PHAN eta a oe 13 14.8 
Clay a Nese Se een ean tener 6 10.4 


In the active soil material there appears to be a decrease in sand 
with depth and an increase of silt and clay. Infiltrating water could 
have carried small amounts of the finer particles downward, but this 
would not explain the increase of fine gravel downward. Extensive 
work must be done to provide reliable conclusions. 

Two soil samples from each depth were centrifuged in order to 
determine the moisture equivalent.» The two determinations at 


3 Moisture equivalent is defined by Johnstone and Cross as “the moisture con- 
tent which the soil, initially saturated, will retain against a centrifugal force one 
thousand times the force of gravity.” Elements of Applied Hydrology, p. 121. 
New York, 1949, 
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3-inch depth gave 18.7 percent and 18.7 percent; the two at 15-inch 
depth gave 21.5 percent and 21.3 percent. These percentages seem 
to bear out the decrease in particle size shown in the Textural Sum- 
mary. 

Further tests of the active soil material showed the following: 


Sample A Sample B 
(depth 3 in.) (depth 15 in.) 
(BUST. cq yeast lee A dat Se Cae aos Wea 7.3 
Available phosphorus ........ “Very high” “Very high” 
Available potassium .......... “Very high” “Very high” 
INTEGO Serie rockers stelereike tere cictoes 0.065% 0.0524% 
@rcanichmatteto wus. sae e 1.370% 1.048% 


* Calculated from the N using factor of 20. 


The hydrogen ion concentration (pH) is very close to neutral, a 
fact also ascertained by Pearson (1931, 1950), who had many soil 
analyses made. 

There was no direct evidence concerning the root system of 
OL-SO-57. However, a 32-inch ponderosa (OL-SO-59) some 
200 feet northward from OL-SO-57 and 12 feet below in a broad, 
shallow draw which had no evidence of either standing or running 
water, was blown down and its root system exposed between August 
31, 1949 and July 31, 1950. Here, as in all cases so far observed, 
the root system was of the spreading shallow type, the mass of roots 
being in the upper 2 to 24 feet of the soil. Because of the porous 
nature of the soil, because of its height above the valley to the west- 
ward, and because of its position with respect to the steep descent 
to the road, tree OL-SO-57 is judged to have been entirely dependent 
upon moisture in the soil-water zone immediately below the surface. 
There was very little or no surface drainage to or from the tree. 

OL-SO-57 was 22 inches d.b-h. in 1946 and measured 55 to 56 
feet in height when felled August 23, 1947. It was a normal, healthy 
tree with rounded top, well-developed crown, good leaf area, and 
excellent branches (pl. 3). The first live branch came at 14 feet above 
ground ; hence the bole was about 75 percent branched. 

A sparse cover of grass was the only serious competition to tree 
OL-SO-57, which formed part of a pure stand of ponderosa pine. 
Plate 4 shows not only the nature of the ground cover in the vicinity 
of the tree but also the soil of cinders and lava fragments. The 
closest tree was 30 feet away downslope to the northwest. In the 
opposite direction the nearest tree was 85 feet away. Within the 
area of the OL-SO station, seedlings and saplings are numerous; 
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they were rather inconspicuous in 1946 and 1947, but were growing 
into prominence five and six years later. 

The third tree, OL-S-62, grew on the crest of a broad, gently 
rounded ridge rising gradually to westward. To both sides of the 
ridge and some 200 feet apart there are broad shallow draws that 
have no evidence of stream flow. They lie 8 to 12 feet below the 
crest of the ridge. 

Soil materials closely resemble those at OL-B and OL-SO; they 
consist of cinders and lava fragments intermingled with their 
weathered products. Ground litter is noticeably more plentiful at 
OL-S than at the other two sites. There were no specific indications 
concerning the root system of this tree or any neighboring tree ex- 
cept that large roots spread out laterally. Because of the high soil 
porosity, the position of the tree, and the gentle slopes, surface drain- 
age to or from the tree was practically nonexistent. Subsurface drain- 
age laterally to the tree was equally nonexistent, a conclusion based 
upon the geologic section exposed at the site of OL-SO. If one 
may judge from repeated observations during and immediately after 
heavy rains, surface flow is very exceptional and is not normal to 
a cinder area. 

OL-S-62 was 22 inches d.b.h. in 1947 and 59 to 60 feet tall when 
felled August 23, 1947. This tree also was normal, healthy, and 
representative of the stand of which it formed a part. It had a 
rounded top, a full crown, rather plentiful leaf area, and a straight 
symmetrical bole. Plate 5 shows OL-S-62 a moment after it began 
to fall. Live branches began at a height of about 20 feet above 
ground, giving a clear bole for one-third of its length. 

The tree formed part of a pure stand of widely scattered mature 
ponderosa pine. Aside from a good cover of grass, OL-S-62 had 
no serious competition when felled and there was no evidence of 
former competition. The OL-S site had many old, dark-gray, par- 
tially decayed stumps but none so close that the felling of the tree 
could have had a marked release effect on OL-S-62. The site also 
bears many seedlings and 5- to 10-foot saplings (pl. 5) ; reproduction 
is good and surpasses that at the other two sites. 


V. MEDHODS) OF SiUDY 


Two increment cores on opposite radii were removed from OL- 
B-42 on August 25, 1946, and the tree was felled August 22, 1947. 
One core was removed from OL-SO-57 on August 25, 1946, an- 
other on August 15, 1947, and the tree was felled August 23, 1947. 
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Two cores were taken from OL-S-62 on August 14, 1947, and the 
tree was felled August 23, 1947. In comparison with the cores from 
some 30 other trees, those from the three trees chosen for felling 
showed variable ring sequences as well as typical examples of thin, 
thick, double, and “locally absent” growth layers. 

Insofar as branches permitted, 3-inch transverse sections were cut 
from each trunk at 4- to 5-foot intervals and from two main branches 
at intervals of 1 to 2 feet. These relationships are shown in figure 9 
and in table 4, which also gives the central growth layer and the 


Tasie 4.—Central growth layer, years used, and height of each section in the 
trunks of three ponderosa pine 


OL-B-42 OL-SO-57 OL-S-62 
HD ho see Height 
of sec- of sec- of sec- 

Center Years tion Center Years tion Center Years tion 
Section of trunk used feet of trunk used feet of trunk used _ feet 
MONDE ion Wats”) os ssp O20 Cea PIR Latevey 0 O49 SS tM cs, | ODES 
GORE ae a CoE mate Fs vay tilokeis eats 1939 09 57.8 
LA ee ateiete seagate fia 8 Sens 1935 12526 1923 24 56.3 
GAS ete Beenie 1927 17 49.9 1928 20 holed 1898 50 54.0 
SAGES aie eeae 1917 29 47.2 1922 26 49.9 1882 66 50.8 
Me colores. ls 1898 50 43.7 1909 39 = 47.9 1865 83 47.7 
Opera eae 1843. 105 39.7 1887 61 45.6 1838 110 42.9 
1 I Ese 1801 147 36.4 1853 95 41.7 1814. 134 937.7 
toy Nate Aa 1769 179 32.5 TESS lS sy 378 L959 153) 33:4 
7)" Ree See 1754 194 28.3 OF eal L323 17871 N ol 30:1 
OMe Bac ead WAL THAN PRs WHE WAS ZS 1758 188 25.0 
ee eta ies & WZ 2e7o8 19k 1747) 201) 21.3 1740 198 19.3 
PMD else: NA 23 Ape 15.3 1726 222) 1427 1724 218 14.4 
SMe neile sees 1693, 255) + 10:2 AZ 237, 9.7 1712 236 9.9 
7) AE 1681 267 BW 1692 256 5.4 1685 253 5.4 
LUA aie 1645 303 0.5 1666 282 12 1674 274 AGZ 


years used. Similar data for branches are given in table 5. The 
measurements in tables 4 and 5 are not as accurate as they appear 
to be because of uneven ground surface at the base of the trunk, 
uneven saw-cuts, and errors in holding the tape measure. 

The top surfaces (outer surfaces in the case of branches) of all 
sections were sanded and polished. On the basis of the 1947 in- 
crement and the principles written out in 1937 (Glock, 1937), all 
growth layers were identified and dated in conformity with North- 
ern Arizona chronology painstakingly worked out over the years by 
Douglass. 

The stereoscopic microscope, used for examination and analysis, 
was equipped with 10x wide-field ocular and a triple nosepiece 


feet 


OL-B-42 CL-SO-57 OL-S-62 
Fic. 9—Vertical elevation of the three ponderosa pine to show positions of the 


sections, central growth layers, and emergences of the branches which were 
dissected. 
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fitted with 0.7x, 1.5, and 2.0 objectives, thus giving magnifi- 
cations of 7, 15, and 20 diameters with field area diameters of 280, 
125, and 90 mm. respectively. A vertical pillar, rising from a heavy 
base, carried a horizontal bar which supported the microscope out 
over the surface of the section under study. The horizontal bar was 
of sufficient length to allow examination to the pith of the largest 
section. 

By means of a traveling microscope with a magnification of 25 
diameters, growth-layer thicknesses were measured to 0.01 mm. Cross 


TABLE 5.—Central growth layer, years used, and distance from trunk of each 
section in the branches of two ponderosa pine 


OL-SO-57 OL-S-62 
Center of Years from trunk Center of Years from trunk 

Section branch used feet Section branch used feet 

Se eer engi 1783 165 12 RSA a yale 1780 168 0.6 

LEB ie tahoe ers 1824 124 $7) Es a eae 1787 152 2.0 

Hel Chetan 1837 111 5.6 Le Cry ese 1793 155 Spi 

NelD)s didceaase 1851 97 7.4 RSTO Wen es 1808 139 Spl 

SE ets sr 1871 73 912 [ES ene 1831 116 7.1 

Ta ee ae: 1919 29 11.9 WET SY ieee 1854 93 8.6 

mMoOntwbuceicyten. < - eve 15:3 LG ehis sie 1868 78 10.0 

lr Es ee 1893 55 11.6 

Tot. bud... 15.8 

PomUNGEA ES & ces 1880 68 0.4 LAN, hs Wicie oe 1860 85 0.8 

ZANE eed recon 1895 52 1.8 22th. Seges 1873 73 3.0 

ips Cre cy ee 1913 35 3.9 DEG MSE 2 1889 56 5.0 

71 Deere 1920 27, 5.0 Za ined ata 1897 48 6.3 

ZT See 1931 15 7.0 Mot bude yale sae 9.8 
Move buds. ss. hake 9.2 


hairs in the field served as guide lines for measuring from the 
outer face of the densewood of the latest growth layer (1947) in- 
ward across 1947 to the outer face of the next older growth layer 
and thence inward chronologically to the pith. Although the travel- 
ing microscope measures to 0.01 mm. or less, such accuracy can be 
driven too far and becomes meaningless because the normal fluctua- 
tions in thickness of a growth layer around the circuit of a tree sec- 
tion very commonly exceed 0.01 mm. All growth layers along three 
radial lines 120 degrees apart were measured uniformly, and no at- 
tempt was made to adjust the lines so as to include “norma!” se- 
quences. However, where the lines did not pass through the growth 
layers at right angles, measurements were made in the vicinity of 
the line and at right angles to the course of the growth layer at the 
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particular place. Thus, no subjective judgment tempered the growth 
record. 

Growth-layer thicknesses were measured along three radii on each 
trunk section—north, southeast, and southwest. Two additional 
radii—east-northeast and west-northwest—were measured on sec- 
tions 1, 5, and 9 of trees OL-B-42 and OL-S-62. For purposes of 
comparing lower, mid, and upper trunks, sections 2, 6, and 9 were 
used for OL-B-42 and OL-S-62 and sections 2, 5, and 8 for 
OL-SO-57. Figure 10 shows the position of the center and the rela- 
tive lengths of measured radii on sections 2, 6, and 9 on the three 
trees. The total number of years used in each section is given in 
table 4. In the upper sections several of the innermost growth layers 
were not used because their excessive thicknesses would have dis- 
torted the averages. 

Data concerning the branches are given in table 5. Further in- 
formation is added at the beginning of the discussion on circuit uni- 
formity in the branches of OL-SO-57 and OL-S-62 (p. 119). 

Raw millimeter thicknesses of growth layers on each were turned 
into percentages of their own mean in order to make a uniform 
standard of comparison among different radii by dealing with rela- 
tive rather than absolute thicknesses. Otherwise the greater length 
of the north radius would overbalance the other two radii in the 
computation of averages on single sections. The extra weight in 
the north radius could be eliminated by application of a reducing 
factor ; however, the method used here—conversion to percentages— 
has added advantages in the derivation of departures and variations. 

As here used, departure refers to the difference between the thick- 
ness of an individual increment and the mean thickness of the in- 
crements in the particular sequence on which it occurs. Average 
departure gives the average fluctuation of a growth layer above or 
below the mean of its group of growth layers. From a table of 
appropriate departures, average departure for a radius, a section, or 
a tree may be obtained. 

Variation refers to the difference in thickness between successive 
growth increments. Average (or mean) variation gives the average 
difference in thickness of the growth layers on a given sequence, 
section, or tree. 

Departure from mean variation refers to the excess or deficit in 
the variation in thickness from one growth layer to the next com- 
pared to the mean or average variation of the given sequence of 
growth layers. Average departure from mean variation gives the 
average excess or deficit from the mean difference in successive thick- 
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Fic. 10.—Three sections of each of the three ponderosa pine to show position 


of the pith and the three measured radii. 
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nesses throughout a sequence, section, or tree. This parameter is 
perhaps a more sensitive index to extraordinary fluctuations in the 
impact of growth factors than either simple departure or variation. 

Variation is quantitative, whereas trend is qualitative. By trend 
we refer to direction of variation; an increase in thickness from 
one annual increment to the next is positive and a decrease is nega- 
tive. If the trend between two successive years on one radius is 
plus, it must be plus on all radii of the section in order to have strict 
circuit uniformity. The same holds true for longitudinal uniformity. 
Of course there can be a reversal of trend between successive years 
here and there in the trunk and, if so, one increment must still have 
a greater volume than the other. This would be the true trend. If 
complete uniformity does not exist throughout a tree, a single radius, 
such as an increment core, may or may not yield an accurate record 
of trend. Perhaps reliance on one radius has been responsible for 
the rather weak correlation between tree growth and rainfall in many 
cases, 

Mean sensitivity (Douglass, 1928) is computed by dividing the 
difference between each two successive rings by their mean thick- 
ness. Values of the index vary from 0.0 to 2.0; as the thicknesses 
of the two rings approach equality, the index approaches 0.0. As 
the difference in thickness between the two rings approaches a maxi- 
mum, that is, one approaches zero thickness, the index approaches 
2.0. Mean sensitivity emphasizes total variability of ring thicknesses 
on a given sequence or section and gives an excellent measure, it is 
thought, of the impact of dominant and variable growth factors 
whatever they may be. 

Skeleton plots (Glock, 1937) illustrate graphically on coordinate 
paper the relative thinness of those growth layers which are strik- 
ingly thin in comparison to the immediately adjacent growth layers. 
Time in years is measured along the horizontal axis. Parallel to the 
vertical axis, lines are drawn inversely proportional to the thickness 
of the growth layer ; that is, the thinner a growth layer is in relation 
to its two adjacent growth layers, the longer the line on the appro- 
priate year. Plots may be made directly from the wood, the more 
rapid method, or from the millimeter measures, as was done here. 
Skeleton plots yield a synoptic view of those particular trees out of 
a group which have responded roughly in the same direction to the 
impact of the same growth factors and which have responded roughly 
in unison insofar as the production of xylem is concerned. To in- 
terpret further than this from a similarity of skeleton plots is prob- 
ably unsafe. 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 33 


The Northern Arizona chronology, based upon diagnostically thin 
or partial growth layers and the intervals between them on a se- 
quence, has been used as a frame of reference to designate indi- 
vidual growth layers known to be present on the materials at hand. 
Thus all sharply bordered growth layers have been given a calendar 
date. If unidentifiable multiplicity should exist within the trees 
studied, then the annual increments would possess somewhat less 
average variation than the individual growth layers possess. Growth- 
layer patterns by themselves, whether or not they show multiplicity, 
yield much environmental information. The validity of the principles 
here used for dating purposes will be discussed in the last section of 
this report. 


VIF CiRCUIN, UNIFORMITY 


Circuit uniformity refers to the behavior of a growth layer 
throughout its extent around the trunk at any one level. In general, 
uniformity refers to the consistency of growth, its rate, its time, 
and its amount; specifically, it refers to absolute thickness around 
the circuit and to the thickness of each growth layer in relation to 
the two adjacent growth layers. 

Both absolute and relative thicknesses are of concern to work in 
tree growth. Douglass (1928, p. 22) restricted circuit uniformity to 
relative thickness. In similar manner, Glock (1937, p. 35) restricted 
the use of the term circuit uniformity and, in addition, considered 
absolute thickness of comparatively little concern. However, it is 
now thought that the variation of absolute thickness around the cir- 
cuit may be one of the parameters defining growth-layer patterns 
under differing soil-moisture regimes. 


TREE OL-B-42 


Absolute thickness——Ring thicknesses for OL-B-42 along three 
radii on three sections, T-2, T-6, and T-9, of OL-B-42, are plotted 
on figures 11, 12, and 13. Although uniformity is striking, it is far 
from perfect. The graphs reveal an almost total lack in uniformity 
of absolute thicknesses. Except for the case of zero thickness on 
the three radii, there is no growth layer whose thickness is identi- 
cal on all three radii. The same growth layer on two radii may be 
identical in a few instances. In extreme cases the thickness of a 
growth layer on one radius may vary by a factor of 5, or even 15, 
in comparison with one of the other radii. A difference by a factor 
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of 2 is not uncommon among the three radii or between one and the 
average of the three. 

From figure 10 it might be inferred that the thickest portions of 
growth layers are on the north side of the tree. This is not always 
true, however (table 14), because on section T-2 in 73 cases out 
of 267 the thickest measurement is not on the north radius. Of 
these 73 cases, 67 occur on the southwest radius. 

On section T-6, there are 112 cases out of 221 where the thick- 
est portions of the growth layers are not on the north radius. Of 
these 112, 96 occur on the southwest radius. Growth layers are not 
uniformly thicker on any one radius; on section T-6, 43 percent of 
the growth layers are thicker on the southwest than on the other 
two radii (on section T-2, 25 percent). Of the 16 cases where the 
southeast radius is the thickest, 13 occur in the interval 1727 to 
1776; the other 3 occur between 1886 and 1947. A great majority 
of the growth layers thickest on the southwest lie between the in- 
tervals where the growth layers on the southeast are the thickest. 
This distribution of the thickest portion of growth layers contrasts 
with that on section T-2 where the thick portions appear to be dis- 
tributed rather uniformly in time. 

On section T-9, there are 41 cases out of 147 where the thickest 
portions of the growth layers are not on the north radius. Of these 
41, 26 occur on the southwest radius and 15 on the southeast; the 
26 cases represent 18 percent in contrast to the 43 percent on sec- 
tion T-6 and 25 percent on section T-2. The distribution in time 
where the thickest portions are on the southwest is fairly uniform 
on T-9; but where they are on the southeast, 10 out of the 15 cases 
occur between 1801 and 1827 at the center of the section. 

The ratios of thickest portions of growth layers not on the north 
radius to thickest portions on the north radius and the percentage 
of growth layers thickest on the southwest (table 14), indicate that 
the least uniformity in thickness distribution exists at mid-tree as 
shown on T-6. Here, approximately 50 percent of the growth 
layers have their thickest portions away from the north radius, 
whereas near the base and near the top of the tree (T-2 and T-9) 
the areas of thick growth tend to cluster about certain radil. 

Another facet of the subject of absolute thickness of growth 
layers around the circuit lies in the question, Does the thickness of 
a growth layer fluctuate about a mean rather than gradually thicken- 
ing and thinning once in its course around the circuit? An analysis 
of growth-layer measurements for the years 1830 to 1879 for T-1, 
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T-5, and T-9 around the circuit gives the following ratios for the 
incidence of thickness fluctuation about a mean: T-1, 2.37; T-5, 1.96; 
T-9, 3.67. Thus, fluctuation about a mean has a very slight domi- 
nance at mid-tree but is comparatively rare at the base and near the 
top of the trunk. This disposition of thick growth differs from that 
determined for OL-12 (Glock, 1937, p. 37) where fluctuation about 
a mean dominated the base of the trunk and depended, it was thought, 
upon root influence. 

Relative thickness and trend.—Relative thickness refers to the 
ratio of thicknesses between one growth layer and one or more of 
the two adjacent growth layers. Trend refers to the relation of the 
thickness of one growth layer to that of the preceding growth layer. 
A summary of trends illuminates parallel or opposed fluctuations on 


TABLE 6.—Circuit uniformity, trunk of OL-B-42. Number and percentage of 
opposed trends between different pairs of radu and among all three 
radii of sections T-2, T-6, and T-9 


T-2 (146 cases) T-6 (146 cases) T-9 (146 cases) 

Radii No. % No. To No. %o 

JAPA SSS) Ss es 23 16 16 11 26 18 
SIVEV SPO Viece ooo es 12 8 21 14 24 16 
INBEVSueSIWE fost 4 6220 14 18 12 31 21 
PMS carditis. A502: 27 18 27 18 39 27 


two or more radii, or two or more sections, in a simple and effective 
manner. Trends were counted for the interval 1802-1947 on all 
three radii for sections T-2, T-6, and T-9 and the following com- 
parisons made: N. vs. SE., SE. vs. SW., N. vs. SW., and N. vs. SE. 
vs. SW. Table 6 shows the number and percentage of cases, out 
of 146, where the trend on the two radii being compared is opposite 
in direction. In the lower line of the table the three radii are com- 
pared simultaneously. Section T-6, in contrast to T-2 and T-9, has 
the greatest number of opposite trends where the SE. and SW. radii 
are compared. This may be related to the dominance of fluctuation 
about a mean in absolute thickness. Disagreement in trend appears 
to be most common toward the top of the trunk. Close comparison 
of figures 11, 12, and 13 will show the particular years with one 
reversed trend. 

In order to determine the effect of more than three radii on trend 
disagreements around the circuit, five radii were measured for sec- 
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tion T-1 and contrasted for trend. The number of opposed trends 
out of 146 years are: 


Nie SEuh. sais take oe 25 SE-WNW, Shree ge. 23 
NisS Wrwebidegdsineracte's 23 SWHENE? «of sipant op 20 
NSIS NI a ae ae 22 SWE WIN Wis ve asetettas 20 
NUEWINWi ee care 19 ENE.-WNW).”.2. 22.0% 24 
SESW aue eons. core 20 N.-SE.-SW. .........- 34 
SE-ENES We. Woh cise ie 23 All five vane ew tee 44 


All five radii taken together showed 44 out of 146 opposite 
trends; the three radii, N., SE., and SW., showed 34 out of 146. 
Hence, two more radii revealed 10 more reversals of relative thick- 
nesses. A further increase in the number of radii measured would 
very probably increase the number of growth layers with reversals 
of trend. 

Figure 14 A illustrates the prevalence of trend reversals around the 
circuit and the number of cases of reversals when five radii rather 
than three are examined. It is clear that disagreements are far from 
uniformly distributed when plotted by decades. On section T-1 the 
30-year period 1740-1769 has only 10 percent disagreement for three 
radii, whereas the 20-year period 1770-1789 has 30 percent and that 
for 1880-1899 has 45 percent reversal. On section T-5 for three radii, 
six decades have complete agreement in trend and five decades have 
40 percent or more disagreement. Table 7 summarizes figure 14 A. 


Tape 7.—Circuit uniformity, trunk of OL-B-42. Percent of opposed trends 
or disagreements, comparing three and five radii 


T-1 (1680-1947) T-5 (1730-1947) T-9 (1801-1947) 
STA iye tate We cee ee oni fee 21 17 25 
Si sra Gain) Maaco Nate ne eed dite 27 23 33 


The greatest amount of trend disagreement resides near the top of 
the trunk, whereas the least is in the central parts both for three 
and for five radii. Figures in table 7 vary from those in the bottom 
line of table 6, further evidence of fluctuation in the relative thick- 
nesses of growth layers. Thus, relative thickness fluctuates to a 
certain extent from radius to radius around the circuit and local 
trend reversals on the circuit increase with the number of radii 
measured. 

Figure 15 shows the lack of uniformity in relative thicknesses 
by trend reversals around the circuit for each section of OL-B-42 
for every year. Each shaded column indicates a trend reversal some- 
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Fic. 14 A.—Columnar graphs by decades of sections T-1, T-5, and T-9 in 
tree OL-B-42 to show the increase in circuit disagreement of five radii per 
section over three radii. Shaded signifies disagreement in relative thicknesses 
among three radii; open signifies increased disagreement of five over three radii. 


where on the circuit of the particular section. Uniformity or its 
lack sets no very definite pattern. On some sections there are long 
intervals with no reversals around the circuit; for instance: 


T-1 .....1715-1731 T-4 ..... 1746-1767 LOE Sree 1854-1874 
1902-1915 1797-1816 

1922-1934 eas. 1821-1840 

(OSS) eae 1739-1767 1857-1874 

T-2 .....1748-1767 1810-1825 1917-1932 
1828-1845 1856-1872 


T-12 ....1914-1925 
‘Use pee 1705-1743 Gy Roa 1932-1945 
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Fic. 14 B.—Columnar graphs by decades of sections T-1, T-5, T-9 in tree 
OL-S-62 to show the increase in circuit disagreement of five radii per section 
over three radii. Shaded signifies disagreement in relative thicknesses among 
three radii; open signifies increased disagreement of five over three radii. 


Time intervals are much shorter where complete uniformity exists 
around the circuit for more than one section for five or more years; 
for instance: 


T-1-T-5....1724-1731 T-2-T-8....1831-1840 T-1-T-10...1922-1928 
T-1-T-6....1748-1756 T-1-T-7....1856-1866 T-5-T-8....1936-1945 
T-5-T-7....1810-1819 T-7-T-9....1896-1907 


On sections T-1 to T-8, a consistent trend on one section will have 
the same trend on the other seven sections for 48 percent of the 
years, 1770-1947. If section T-9 is added to the eight sections, the 
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percentage of uniform trend becomes 45, 1802-1947; T-10 added 
gives 43 percent, 1844-1947; and T-11 added, gives 41 percent, 
1899-1947, 

Thus far we have analyzed uniformity of trend in relative thick- 
nesses for certain years on the various sections of OL-B-42. A few 
more words may be added concerning opposed trends or trend re- 
versals. The number and percentage of trend reversals on the sec- 
tions of OL-B-42 are given in table 8. 

Close examination of comparable time intervals on the various 
sections (fig. 15 and table 8) reveals that the sections with the great- 
est number of years with trend reversals are in the upper part of 
the tree, the second greatest near the base, and the least at mid-tree. 
Percentages also testify to the same distribution of reversals. 

Consistency of reversal around the circuit for several sections for 
the same year does not seem so common as uniformity of trend. 


Years with reversals on three consecutive sections: 


1734 1808 1850 1875 
1735 1809 1868 1938 
1801 1843 1873 1946 


Years with reversals on four consecutive sections: 


1744 1820 (2) 1893 1919 
1796 1854 1908 1933 
1909 1946 


Years with reversals on five consecutive sections: 


1777 1884 1916 1938 
1875 1892 1935 


Years with reversals on six consecutive sections; 
1841 1882 1895 1933 
Years with reversals on seven consecutive sections: 1790 and 1911. 


Year with reversals on nine consecutive sections: 1846. 


After 1710, 42 years have a reversal somewhere on one section 
only. After 1722, 96 years have no reversals on any measured radius 
or on any section. 
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Taste 8.—Circuit uniformity, trunk of OL-B-42. Number and percentage of 


opposed trends for all sections 


Section Time interval Number of years 
ARGUS ho aS Mean 1932-1947 16 
D2 Sena ea aeeee 1920-1947 28 
OTe te tey eat sve cers: 37s 1899-1947 49 
TROD! od Heer aie 1844-1947 104 
Pee Ooi repay eele tacveusitece 1802-1947 146 
Mem einai ss. clei s« 1770-1947 178 
ESL) Si cele Brae 1755-1947 193 
MOM eeverstcie tase steel 1728-1947 220 
CRS At Gerace ea 1722-1947 226 
BA etter ste cata, ae, ots 1712-1947 236 
WES eles eee 1700-1947 248 
Aba 2 eee (coe a dix 2 86.6 1700-1947 248 
7S) ie he a are 1700-1947 248 


Reversals localized on one section 


occur as follows: 


OuPiotonsectionss= see eee 


Out of 7 sections. 


Out of 8 sections. 


Out of 9 sections. 


Out of 10 sections 


Out of 11 sections 


Out of 12 sections 


Out of 13 sections 


eooee roe eee eee 


eeceoeeceee ec ese 


eeeees sec eoeee 


T-1 


T-10 
T-7 
T-9 
T-9 
T-3 
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Such localization of reversals presents a problem to the student 
who works with restricted samples from a tree. 

As shown by figure 15, no definite time pattern emerges from the 
analysis of the successive sections. Localized reversals occur more 
plentifully in the central growth layers of a section. An approxi- 
mate measure of circuit uniformity for all sections of the entire tree 
may be obtained by dividing the sum of trend reversals for all sec- 
tions by the total number of years for all sections (table 12). The 
tree as represented by the 13 sections averages about 80 percent cir- 
cuit uniformity, sections T-2 to T-8 having more than 80 percent, 
followed by a sharp decrease to 61 percent in T-12. 

The apparent lack of definite pattern, either in time or place, in 
the distribution of trend reversals raises the problem of diagnostic 
rings (Glock, 1937, p. 12) and crossdating (Glock, 1937, p. 16-21) 
not only among the radii of one section, but also among the suc- 
cessive sections and, ultimately, among different trees. Figure 16 
shows skeleton plots for sections T-2, T-6, and T-9 compared with 
an OL Standard plot constructed from other trees of the same gen- 
eral area. On a skeleton plot only strikingly thin (diagnostic) growth 
layers receive attention; that is, they are thin in relation to adjacent 
growth layers. The OL Standard was made directly from the wood, 
whereas the plots for the three sections were made from the milli- 
meter measures with a knowledge of the wood as a background. 
Recognizable similarity exists among all plots and among any two 
of them. 

Two points must be noted: First, that the so-called “absent rings” 
are more numerous on OL-B-42 than on the Standard and absent 
on different dates, and second, that section T-9 departs farther from 
the Standard than do the other two sections. In general, sections 
T-2 and T-6 agree rather well with the Standard. A ring sequence 
taken from a section in the lower half of the tree is identifiable in 
terms of the other sections or in terms of the Standard plot. Identi- 
fication, or crossdating, based on section T-9 or on a single radius 
does not carry the same assurance of accuracy. However, the quality 
of the crossdating in this tree from very near the lowest limit of 
ponderosa pine is sufficiently high to impart confidence in the methods 
of identification. 

Diagnostic rings, such as 1943, 1936, 1927, 1913, 1904, 1902, 
1863-4, 1857, 1851, and 1847, are not known to change their rela- 
tive thicknesses. Trend reversals apparently occur among the less 
diagnostic rings and among the average to thick rings. To illustrate 
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reversals on growth layers which at times could be diagnostic, the 
following examples are cited from sections T-1, T-6, and T-9. The 
growth layer for 1900, characteristically thinner than that for 1901, 
is thicker on the north radius of T-1 and T-2 and west-northwest 
radius of T-9. Growth layers for 1899 and 1900 reverse their rela- 
tive thicknesses somewhere around the circuits of T-1, T-4, and 
T-6. The growth layer for 1893 is thicker than that for 1892 on 
the southwest radius of T-1 and the southeast radii of T-2 and T-4. 
The growth layer for 1868, commonly very thick, is thinner than 
that for 1867 at places on T-1, T-2, T-3, and T-9. Growth layers 


TABLE 9.—Relative thicknesses of certain growth layers, trunk of OL-B-42. 
Ratio of thicknesses of certain thin growth layers io the mean 
of the sum of iwo adjacent growth layers 


Section 1943 1936 1927 1913 1904 1896 1871 1851 
1D) AAI A 2.4 2.8 3.0 aes sale 
TDSID LS a nea 7 1.6 2h, Sh 3.5 He wish Sa 
TBSHO) Ose ciuieaen ARS 155 ES) 5.6 29.3 2.9 4.5 SHI 
BE Or cka atevchorsioys; 8s 1.8 1.9 1.6 4.2 24.0 2.4 4.0 2.5 
Tes) | .Sogeuooden 1.3 2 1.6 3.3 23.0 1.9 eh) 1.8 
MYM aise sicko ts a os 2.0 21 3 3.4 13.7 2.3 3.4 1.8 
TSO! poooneéésome 2.2 2.3 1.6 3.5 5.3 2.4 Si// 22 
ORES a eee 1.7 2.0 1.8 3.3 12.3 2.0 3.6 1.8 
PRO ad see eV /b\s 22, 1.9 1.1 4.3 SIS 23 4.4 1.9 
U8" saegotosese 19) 2.0 1.8 4.6 45.5 1.5 (2) 2.2 
USS Sosegusense 2.0 1.8 22 4.1 18.4 2.0 6.0 1.8 
Toll Goode asuade 2.4 2.0 2.2 5.4 6.7 he) 41 A, 


for 1845 and 1846 reverse their relative thicknesses locally on T-1 
to T-6, and T-9; 1842 and 1843 reverse each other on T-9, as do 
1818-1819 and 1805-1806. 

No better idea of the change in relative thicknesses from one sec- 
tion to another (not reversals) can be given than by the help of 
table 9, which gives the ratio of a thin ring to the mean of its two 
adjacent rings; i.e., 1943 in relation to the mean of 1942 and 1944, 
No clear-cut generalization can be made except that no definite pat- 
tern exists around the circuit as taken in successive sections. How- 
ever, there is a tendency toward an increased ratio (i.e., the cen- 
tral growth layer increasingly thin compared with the adjacent growth 
layers) toward the top of the trunk in 1936, 1927, 1913, 1896, and 
1851; and a slight tendency to increased ratio at the base of the 
trunk in 1927, 1913, 1904, and 1871. 

Summary.—Strict circuit uniformity does not exist, either for 
absolute or for relative thicknesses on any of the 13 sections of tree 
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OL-B-42. Absolute thickness has its extreme fluctuation in the case 
of a lenticular growth layer. Relative thicknesses vary from zero 
change to a complete reversal in the direction of the relationship. 
Trend is a rough but critical expression of the change from one 
growth layer to the next progressively on a sequence, a section, or 
a series of sections. Tree OL-B-42 shows an average trend agree- 


Tas_eE 10.—Average growth-layer thicknessess, mm., for the three radii of each 
section and for each section, trunk of OL-B-42 


Average growth-layer width for Maximum 
each radius, mm. Average growth-layer difference 
o_O width, each section 3 radii 
Section N. SE. SW. mm. mm. 
AUS eae ye 0.34 0.26 0.26 0.29 0.08 
WALZ i eepsiels 0.73 0.44 0.47 0.55 0.29 
Ce De. 0.79 0.82 0.96 0.86 0.17 
AIO ee 0.94 0.86 0.57 0.79 0.37 
FDS Nears ae 0.89: 0.52 0.63 0.68 0.37 
PHB Wetec gs 1.06 0.59 0.76 0.80 0.47 
TE =7 eredaieis wes 0.98 0.68 0.72 0.79 0.30 
ARCH AR GS Soon 0.96 0.72 0.88 0.85 0.24 
Bil Di xi Kenia 1.04 0.86 0.93 0.94 0.18 
Da eevee 1.11 0.85 0.89 0.95 0.26 
RS Sie ohe one 1.10 0.94 0.79 0.94 0.31 
M2) alesicvetse 1.10 0.77 0.96 0.94 0.33 
AD) WS AISA Wa4 0.85 1.07 1.01 0.27 
Average *.. 1.03 0.771 0.848 0.88 0.296 


* In order to give proper weight to the small number of growth layers in the upper sections, 
averages were obtained by adding the values of all growth layers from all sections and dividing 
by the total number of values. 
ment of 80 percent around its circuit, computing this agreement as 
described in reference to table 12. Uniformity is highest near the 
center of the trunk, dropping 9 percent from T-8 to T-9. Ii we 
consider the sections with five radii, T-1, T-5, and T-9, uniformity 
decreases from that where three radii are used; 6 percent for T-1, 
5 percent for T-5, and 8 percent for T-9. Thus, three radii do not 
reveal all trend reversals; perhaps even five do not. Such reversals 
may be one of the prime reasons why many students obtain low cor- 
relations between measured ring thicknesses and an environmen- 
tal factor such as rainfall, at least in the lower forest border. The 
results here obtained emphasize the effectiveness and utility of visual 
crossdating based upon the wood (Glock, 1953, p. 50) in contrast 
with that based upon exact measurements of each ring only. 

Growih-layer thicknesses——Table 10 gives the average growth- 
layer thickness for each radius of each section of OL-B-42, the 
average growth-layer thickness for each section, the maximum 
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spread among the three radii on each section, and the overall aver- 
ages for each radius and for the trunk as a whole. The average 
growth-layer thickness for the trunk as represented in the sections is 
0.88 mm. 

With the exception of T-11, the north radius contains the thick- 
est growth layers, averaging 1.03 mm.; with the exception of T-3 
and T-10, the southeast radius contains the thinnest growth layers, 
averaging 0.771 mm.; the southwest radius averages 0.848 mm. 

The maximum difference among the radii of any one section comes 
on T-8 with 0.47 mm.; the minimum (excluding T-13 because of 
its short radius and restricted circumference) comes on T-11 and 
T-5, 0.17 and 0.18 mm. Sections with the greatest differences are 
at the base of the trunk and from T-7 to T-10. 

In general, the thickest growth layers are at or near the base of 
the trunk, T-1 being the thickest with 1.01 mm. The first 20 to 22 
feet of the trunk, T-1 to T-5, contain relatively thick growth layers, 
0.94 mm. or thicker, whereas throughout the trunk from T-6 to 
T-12 thicknesses range from 0.86 to 0.55 mm. 

Average departure—Departure as defined in Section V, Methods 
of Study, refers to differences from a mean. The average departures 
of the various sections along three radii from the mean value for the 
entire radius are illustrated on figure 17. Prominent average posi- 
tive departures occur about 32 to 40 feet above ground, T-8 and 
T-9 on the north radius and T-9 and T-10 on the other two 
radii. A secondary positive location occurs on T-1. Sections T-11 
to T-13 contain a high negative average departure. In lower mid- 
tree, T-2 to T-7, average departures are more nearly normal. 

Table 11 gives average departures for each radius on each section. 
On some sections, T-1 to T-3, and T-5, average departure is fairly 
uniform from radius to radius; on others, T-6, T-8, T-10, T-12, 
and T-13, the disparity from radius to radius is rather great. The 
lower part of the trunk is somewhat more consistent than the upper 
part where there is an alternation from section to section. Among 
the three radii, the north has the highest average departure (60.3 per- 
cent) from its mean; the southeast has an average departure of 
57.5 percent and the southwest 57.3 percent. 

Table 12 gives the average departure for the total number of 
growth layers on each section. Except for a slightly higher average 
departure in T-1 at the base of the trunk, average departure is 
fairly uniform and close to the mean up to a height of about 30 feet 
where a decided fluctuation begins (fig. 18A). For nearly 10 feet 
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Taste 11.—Circuit uniformity, trunk OL-B-42. Average departure, average 
variation, and average departure from mean variation for 
each radius of each section 


Average departure from 


Average departure, % Average variation, % mean variation, % 

Section N. SE. SW. N. SE. SW. N. SE. SW. 
T-13 ... 376 341 308 55.8 479 43.0 426 245 188 
MSA og CaN SSS) aes) 46.2 41.2 48.7 30.0 26.6 28.1 
DG eel SOO TEe 51.0 49.2 40.8 IO. P2810 S20 
T-10 ... 626 69.5 644 AGI ale 392 29.9 oO Mee 7k 
ea) Soho OS Ales \ 43.6 459 44.0 33.4 30.7 324 
M=8 ay 74.20) “S94 60:2 43.3 45.9 489 282) 28:20 29S 
7, oe OOO) SA 5510) 440 45.9 45.4 28:6 12997 ees 
T6262. 60:4) 56:9) 5027 50.0 48.7 45.3 292. 31.1 1295 
MO east OAL) | ALON OLE, 46.8 42.8 47.7 29.4 27.3 28.8 
TA S6:5) 1 SG) 55.9 45.0 43.9 46.7 21.9) 2G Ses 
TS hereee 9-5 OAS Lo 46.1 45.0 49.6 ZONA NZ7: 4am oles 
= 2) ee 5S.O le Ota BOOS 46.6 53.2 48.1 30.0 35.1 30.1 
D1 x 64.2), 64.0 65:3 Gils) BY BVA 337 J SR2) Sao 


Tas_e 12.—Circwit uniformity, trunk of OL-B-42. Sectional averages of 
departure, variation, departure from mean variation, and trend 


Average 
departure Trend Trend Circuit Partial 
Average Average from mean disagree- agree- agree- growth 
departure variation variation ments ments ment layers 
Section % % % No. No. % %o 
UaliSis des 33.0 46.0 26.5 4 12 75 5.8 
Ta12) seein 32.1 43.9 24.1 11 17 61 3.4 
A Belk) Reta 34.9 42.0 2555 17 32 65 0.0 
T-10..... 63.4 40.0 26.9 27 77 74 14.2 
M9 cme viene 73.1 43.0 30.9 39 108 73 14.9 
Pee ie we 62.7 45.1 26.1 32 146 82 13.4 
Rea Nie cists 55:9 44.3 28.1 34 159 82 8.2 
TO see sets 54.5 46.3 28.5 40 180 82 7.6 
A Renova Aare S17, 43.7 fedje 40 186 82 7.0 
THA cheeses 53.4 44.0 28.0 41 195 83 7.1 
Teadtisekver 52.9 45.7 27.5 43 211 83 74 
a2 ees Ser 55¢5 47.0 29.5 50 216 81 8.9 
Alice Were cian 63.2 51.4 34.1 64 238 79 10.2 
Average*. 56.8 45.5 29K 80 


* See note to table 10, page 46. 
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Fic. 18.—Circuit uniformity, OL-B-42. Graphs of average departure, upper 
graph (A), of average variation (B), and of average departure from mean 
variation (C), for all sections, T-1 to T-13, in percent. 
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(T-8 to T-10) the average departure is 10 to 20 percent greater on 
these sections than the tree average, and for the next 10 feet (T-11 
to T-13) it is 15 to 25 percent less than the average. The average 
departure for the entire tree comes to 56.8 percent. 

Average variation.—Variation as defined under Methods of Study 
refers to differences in thickness between each successive pair of 
growth layers. Figure 19 A shows the average variations of all sec- 
tions along three radii in relation to the mean of the entire radius. 
The three radii do not appear to show as much agreement in rela- 
tion to their own means as they did in the case of departures. Only 
on sections T-1, T-7, T-9, and T-10 is the direction of variation 
from the radius mean identical on all three radii; near identity ex- 
ists on T-2 and T-4. There is little uniform divergence from the 
radius mean on the three radii of the various sections with the ex- 
ception of a slight general decrease in variation from T-3 to T-9. 

Average variation for each radius on each section is given in 
table 11. On three sections, T-4, T-7, and T-9, average variation 
is very uniform from radius to radius; on T-1 and T-2 and T-10 
to T-13 the disparity among the radii is rather great. The upper 
four sections in the trunk of the tree show the greatest lack of uni- 
formity, the lowest two sections the second greatest, and the central 
sections the highest similarity of average variation among the three 
radii. 

The average variation for the total number of growth layers on 
each section is given in table 12. Except for sections T-1 and T-10 
(fig. 18 B) variation is rather close to the mean. The lower part 
of the trunk, T-1 to T-6, has a slightly higher average variation than 
the upper part, T-7 to T-13. Section T-1 has the highest average 
variation of a section, T-2 the second highest, and T-10 the lowest. 

Among the three radii (fig. 19 A), the southeast has the highest 
variation with 47.7 percent, the southwest is intermediate with 47.3 
percent, and the north is lowest with 46.9 percent. This contrasts 
with average departure for the north radius which was the greatest. 
Average variation for the trunk as a whole is 45.5 percent. 

Average departure from mean variation—Departure from mean 
variation as defined under Methods of Study refers to the difference 
in variation in thickness from one growth layer to the next com- 
pared to the average variation of the sequence. Figure 19 B shows 
the average departure from mean variation of all sections along three 
radii in relation to the mean of the entire radius. Direction of de- 
parture from mean variation is somewhat more uniform than it is 
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Fic. 19.—Circuit uniformity, OL-B-42, three radii, ali sections, T-1 to T-13. 
Upper series shows average variation and lower shows average departure from 
mean variation. 
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for average variation. This direction of departure among the three 
radii is identical on T-1, T-5, T-8, and T-9, and nearly so on 
T-2, T-7, T-10, and T-12. Section T-1 has the strongest uniform 
departure, whereas T-13 has the highest irregular departure, the 
north radius being much greater than average and the other two radii 
being much less. 
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Fic. 20.—Columnar summary of the three parameters average departure, aver- 
age variation, and average departure from mean variation for three radii of all 
sections, OL-B-42. 


Table 11 gives the average departure from mean variation for 
each radius on each section of OL-B-42. In mid-tree from T-5 to 
T-10 the average departure from mean variation is nearly identical 
on the three radii. There is less uniformity in the two basal sections 
and least of all in the top three. 

Table 12 gives the average departure from mean variation for 
the total number of growth layers on each section. Sections T-2 to 
T-7 cling rather closely to the tree average of 29.1 percent (fig. 
18 C). From T-8 to T-13 the section averages depart considerably 
from the tree average, with T-9 being the only one to exceed that 
average. Thus the lower part of the tree above the basal section or 
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sections is more uniform in its adherence to the average, whereas 
the upper sections have a decided decrease of average departure from 
mean variation except for T-9, which has an increase. 

Among the three radii (fig. 19 B), the southeast (30.8 percent) 
and the southwest (30.6 percent) have very similar average depar- 
tures from mean variation; the north radius has the lowest value 


TABLE 13.—Suwmmary of circuit uniformity, trunk of OL-B-42 


Average Average 
growth- Maximum departure 
layer difference Average Average from mean Circuit 
thickness 3 radii departure variation variation agreement 
Section mm. mm. lo %o %o a 
MAUS; BER Stk Ae 0.29 0.08 33 46 26 75 
Rea AR aga 0.55 0.29 32 44 24 61 
ee icneb 0.86 0.17 35 42 24 65 
P= OM ress cae 0.79 0.37 63 40 27 74 
TOPs Oars 0.68 0.37 73 43 31 73 
Ta Gire Ne, tps jst 0.80 0.47 63 45 26 82 
Cy a PR pe nae 0.79 0.30 56 44 28 82 
PPA Guh aie cts cage 0.85 0.24 55 46 29 82 
a ty PRM 0.94 0.18 52 44 27 82 
AD. oe Pane, Hs 0.95 0.26 53 44 28 83 
“Deas Wace eg ere is 0.94 0.31 53 46 28 83 
eZ seis ovale 0.94 0.33 56 47 30 81 
i Oa nears 1.01 0.27 63 51 34 79 
Average* .. 0.88 0.296 56.8 45.5 29.1 80 


Average growth-layer thickness 
or each radius 


mm 
INE eects heiete 1.03 
Sirs nee cos 0.771 
SWase nieve: 0.848 


* See note to table 10, page 46. 


(29.9 percent). This resembles average variation but is unlike aver- 
age departure. 

Average departure from mean variation for the trunk as a whole 
is 29.1 percent. 

Summary.—Various features in summary have been given in text, 
in tables, and on graphs. The more generalized averages appear in 
table 13 where the tree averages are based upon all rings for each 
section because the upper sections have fewer growth layers than 
the lower. Average growth-layer thickness on the 13 sections of 
OL-B-42 is 0.88 mm., and the average maximum difference among 
the three radii is 0.296 mm. On the average, the thickest portions 
of growth layers are on the north radius (1.03 mm.), those of inter- 
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Fic. 21.—Circuit uniformity by decades, OL-B-42, sections T-2, T-6, and T-9. 
Graphs of three parameters average departure, average variation, and average 
departure from mean variation. 
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mediate thickness on the southwest radius (0.848 mm.), and the 
thinnest on the southeast (0.771 mm.). 

The average percentage of trend agreement around the circuit for 
all sections united is 80 (table 13). For the entire tree based on the 
sections taken, average departure is 56.8 percent, average variation 
45.5 percent, and average departure from mean variation 29.1 percent. 

Figure 20 is a summary of average departure, average variation, 
and average departure from mean variation, separated into radii and 


1'0 20 SO i 

years 
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Fic. 22—Comparison of circuit agreement on eight sections of OL-B-42 for 
the time interval 1841-1880 and 1906-1945. 


sections. Certain features in common exist on figures 17 and 20— 
the former emphasizes particular features, springs from a different 
base line, and has a different scale. In addition to the general magni- 
tude of the parameters, figure 20 also shows relationships section to 
section, among the three radii. It also shows that a high degree of 
consistency exists throughout the trunk insofar as the absolute mag- 
nitude of the parameters is concerned. Only for average departure are 
there decided differences, at the base and near the top of the trunk, 
and then the differences are among the sections rather than among the 
radii of one section. The absolute magnitude of these parameters and 
the total trend agreement are the features worthy of note. 

On figure 21 the three parameters for T-2, T-6, and T-9 are plotted 
by decades. Fluctuations are not clear cut. Crests are from 40 to 110 
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years apart and troughs from 80 to 100 years. Such treatment of the 
parameters carries suggestions in relation to growth-factor fluctua- 
tions. 

Figure 22 was constructed in order to detect a possible change in 
uniformity of trend between two 40-year time intervals, 1841-1880 
and 1906-1945. It clearly illustrates that the interval 1906-1945 has 
less uniformity than the earlier interval; only in sections T-1 and T-6 
is there greater uniformity (fewer reversals) during the earlier period 
of 1841-1880. 


TREE OL-SO-57 


Sections T-2, T-5, and T-8 from OL-SO-57 were chosen for com- 
parisons because they correspond to T-2, T-6, and T-9 of the other 
two trees in distance above ground. 

Absolute thickness.—Growth-layer thicknesses along three radii on 
sections T-2, T-5, and T-8 are plotted on figures 23, 24, and 25. 
Gross similarity is evident ; at least, most of the major differences fall 
on the same year on any one section. Among the three sections, the 
uniformity of peaks and troughs is not so good as among the three 
radii of a single section, for instance, 1944, 1932, 1924, 1919, 1911, 
1908, 1868, and others. 

Growth-layer thicknesses reveal a lack of uniformity around the 
circuit of any section except for cases of zero thickness. It is not 
uncommon for the same growth layer on two radii to have the same 
measured thickness. In extreme cases the thickness of a growth layer 
on one radius may vary by a factor of 4 or more in comparison with 
the other two radii. A fluctuation by a factor of 2 is very common 
especially on section T-1. Above section T-1 fluctuation in absolute 
thickness is not so great as it is at the base of the trunk. 

All growth layers do not necessarily have their thickest representa- 
tion on the north radius. Table 14 shows that on T-2, 64 cases out 
of 250 do not fall on the north radius; of these 64, 30 occur on the 
southwest radius. On T-5, 23 cases out of 196 do not occur on the 
north radius; of these 23, 5 occur on the southwest radius. On T-8, 
24 cases out of 111 do not occur on the north radius; of these 24, 
8 occur on the southwest radius. Out of 64 instances where the 
thickest growth layer is not on the north radius, 43 occur in the 
years 1690-1749. 

Tree OL-SO-5/7 has the thickest portion of growth layers more 
commonly on the north radius than does OL-B-42. In OL-SO-57, 
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TABLE 14.—-Thickness comparison along three radi of three sections, trunk of 
OL-B-42, OL-SO-57, and OL-S-62 


Total number N. radius SE. radius SW. radius 
of growth pa | ——— SS 
Tree layers No. % No. % No. % 
OL-B-42: 
enna 147 106 (eas 15 10.2 26 177, 
REG OE e can 221 109 49.3 16 7.2 96 43.4 
AZ a 267 194 72.7 6 2.2 67 25.1 
OL-SO-57: 
i be tN Ane 111 87 79.0 16 14.4 8 VL 
DES Rey ie 196 173 88.2 18 91 5 25 
CREAR TA er 250 186 74.4 34 13.6 30 12.0 
OL-S-62: 
AR =O eras 134 Vi 5.2 107 79.8 20 14.9 
CRC Nara 190 140 73.7 20 10.5 30 15.8 
OE ZAW Rate 251 115 45.8 95 37.8 41 16.3 


OL-SO-57 
SEC.8 


Fic. 25.—Graphs of growth-layer thicknesses, 1835-1947, along three radii of section TA 
about 374 feet above ground level, OL-SO-57. 
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20 percent of the total cases of all growth layers on the three sections 
do not occur on the north radius, whereas in OL-B-42, 36 percent 
of the total growth layers do not have the thickest portion of their 
circuits on the north radius. The thickest portion of the growth 
layers occurs primarily on the north radius and secondarily on the 
southwest radius (OL-B-42) or the southeast radius (OL-SO-57). 
Divergence from the north radius occurs most commonly on 
section T-6 (mid-tree) in OL-B-42 and on T-2 (near base of tree) 
in OL-SO-57. 

A comparison of three and five measured radii on certain sections 
cannot be made because only three radii were measured on OL- 


SO-57. 


TABLE 15.—Circuit uniformity, trunk of OL-SO-57. Number and percentage of 
opposed trends between different pairs of radit and among all three 
vadiut of sections T-2, T-5, and T-8 


T-2 (146 cases) T-5 (146 cases) T-8 (114 cases) 

Radii No. % No. % No. % 

ING VSM Saeescse 608 30 20 13 9 14 12 
SIE VSi Wise eisies 24 16 21 14 15 13 
INE AVSs) S\Wiserdicieis «<5. 27 18 20 14 14 12 
PMS radii. sc «+ « 40 27 27 18 20 18 


Relative thickness and trend-——The meaning of these terms and 
their use have been explained in the discussion of tree OL-B-42. 

Trends were counted for the interval 1802-1947 on all three radii 
for sections T-2, T-5, and T-8 and the following comparisons made: 
N. vs. SE., SE. vs. SW., N. vs. SW., and N. vs. SE. vs. SW. 
Table 15 shows the number and percentage of cases out of 146 in 
T-2 and T-5 and out of 114 in T-8 where the trend on the two radii 
being compared is opposite in direction. The lowest line gives the com- 
parison among all three radii taken at the same time. On sections T-5 
and T-8 the greatest number of opposed or reversed trends occurs 
where the southeast radius is contrasted with the southwest; on T-2, 
the greatest number occurs where the north radius is contrasted 
with the southeast. The two lower sections of both trees, OL-B-42 
and OL-SO-57, resemble each other in the location of the greatest 
number of reversals. In general, OL-SO-57 has less disparity among 
the pairs of contrasted radii than does OL-B-42. Another contrast 
between the two trees is in the location within the trunk of the 
greatest number of reversals: in OL-B-42 (table 6) in the upper 
part of the trunk and in OL-SO-57 (table 15) in the lower part. 
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Figures 23, 24, and 25 show the year-to-year details of agreement 
and disagreement. 

On figure 26 each shaded column indicates a trend reversal some- 
where on the circuit of the particular section for a certain year. 
The figure shows no definite pattern either for agreement or re- 
versal. Single sections possess some rather long intervals of agree- 
ment around the circuit: 


DO hogs 1855-1868 Deo ayer 1747-1756 V8) hee 1847-1867 
1758-1769 1870-1880 
TN Abe 1720-1738 1771-1783 1912-1922 
1773-1785 1870-1882 1934-1944 
1791-1800 1891-1906 
1809-1818 ao ates 1855-1867 
1855-1866 TO enn 1773-1785 1908-1917 
1791-1800 1934-1944 
Pastas 1713-1742 1855-1868 
1811-1822 1934-1947 T-10 ....1888-1908 
1932-1945 
DoH oeretsis 1836-1853 
T-4 ..... 1729-1740 ; 1855-1868 
1766-1775 1921-1931 
1802-1811 
1813-1822 


Only those intervals with 10 or more consecutive agreements have 
been listed. 

Agreements in uniformity for more than one section are not so 
numerous and do not cover such long intervals as for one section 
only, those with five or more years being: 


T-2-T-3....1720-1738 T-1-T-9....1857-1861 T-3- T-6....1912-1916 
T-1-T-3....1761-1766 T-6-T-9....1855-1867 T-6— T-8....1924-1928 
T-1- T-6....1777-1781 T-2-T-5....1870-1874 T-6- T-10...1934-1941 
T-2-T-5....1813-1818 T-7-T-9....1870-1874 T-4-T-6....1941-1947 
T-5 -T-7....1838-1843 T-4-T-7....1878-1882 


On sections T-1 to T-7 a consistent trend around the circuit of 
one section will have the same consistency on the other six sections 
for 46 percent of the time for the interval 1798-1947. If T-8 is 
added to the seven sections, the percentage of uniform trend becomes 
47.4, 1834-1947; T-9 added, gives 43.6 percent, 1854-1947; T-10 
added, gives 38.3 percent, 1888-1947; and T-11 added, gives 31.6 
percent uniformity among the sections for 1910-1947. 
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Consistency of reversal around the circuit on several sections for 
the same year is not so common as uniformity of trend. 


Years with reversals on three consecutive sections : 


1760 1854 (2) 1901 1930 
1772 1862 1906 1931 
1789 1883 1918 (2) 1932 
1790 1898 1929 1934 
Years with reversals on four consecutive sections: 
1754 1832 1890 1924 
1823 1846 1894 1945 
1831 1876 1920 
Years with reversals on five consecutive sections: 
1828 1907 1931 1942 
1869 1929 


Years with reversals on six consecutive sections: 1801, 1931, and 1933. 


Years with reversals on seven consecutive sections: 1837 and 1885. 


There is a certain consistency in reversals on particular years; for 
instance, after 1750, the years 1754, 1790, 1801, 1837, and 1885 
have reversals on all sections save one; after 1840, the years 1846 
and 1854 have reversals on all sections save two. Except for the 
years mentioned above, little consistency exists in reversals from 
section to section year after year. 

A summary of trend reversals as shown on figure 26 is given in 
table 16. Here, as in OL-B-42, the highest percentage of reversals 


TABLE 16.—Circuit uniformity, trunk of OL-SO-57. Number and percentage of 
opposed trends for all sections 


Number of Number of years Percent 

Section Time interval years of trend reversals reversal 
Met Ay ene 8 Lh ae 1936-1947 12 1 8 
TRS) Su Aen as ae: 1929-1947 19 4 21 
TaN 2y he 1923-1947 25 7 28 
eo a on ea 1910-1947 38 6 16 
TESTO ye ios 1888-1947 60 12 20 
AAS a 5 SEN ae 1854-1947 94 20 21 
Rete ega einen aier ON Nee 1834-1947 114 20 18 
8 Bey Ansan arene lal Wet 1798-1947 150 30 20 
SD6 aOR Aeneas 1773-1947 175 36 20 
TESS aarti sans 1748-1947 200: 34 17 
0 D2, RC ar aT 1727-1947 221 42 19 
ODS eaPela i oisniets IaBeuE 1712-1947 236 44 19 
BAe as 1700-1947 248 52 21 


Esl PKG eh. Uae 1700-1947 248 67 Zi 
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is near the top of the trunk, and the next highest is at the base. The 
average reversal per section (20.4 percent) for T-1 to T-13 for 
OL-SO-5/7 is only slightly, and perhaps not significantly, higher than 
that of T-1 to T-13 for OL-B-42 (19.8 percent). Thus both trees 
have an approximate circuit uniformity of 80 percent, sections T-9 
to T-13 of OL-B-42 having much lower uniformity (higher percent- 
age of reversals) than the same sections on OL-SO-5/. 

Table 20 (p. 71) gives the percentage of trend agreement based 
on longer sequences than those given in table 16. In tree OL-SO-57 
sectional differences from the tree mean are not as large as in OL-B- 
42. For instance, the maximum difference from the tree mean in 
OL-B-42 is 19 percent, whereas in OL-SO-57 it is 13 percent. Aver- 
age difference from the mean is 5.2 percent for tree OL-B-42 and 
3.4 percent for OL-SO-57. 

Reversals localized on one section out of six or more (starting 
with 1773) are comparatively rare. For instance, only on the fol- 
lowing dates is a reversal restricted to one section (fig. 26). 


@ut: of (6 sections. ... 2. )..0..-. 1784 T-5 

Outoty7sections. suds 1810 T-3 1826 T-7 
1811 T-6 1827401 
1815 T-6 

@utwot 8 sections..55. 0.00.4. 1835 T-1 
1839 §T-2 

Outsok, 9 sectionss.). oi. 64. 404. 1855 T-4 1864 T-4 
1856 T-4 1876 T-2 

Ontwote 1 ONsectionsea nein 1888 T-1 
1902 =T-1 

Outrokell sectionSie). scan 1910;anete 1921 T-10 
1915 T-il 

Outvol IZ) sectionseee. mec ce.: 192502 i=12 

Outsotel4hsectionsn7sanee cen: 1941 yy n=2 


A highly localized reversal would add a slight distortion to the 
more “normal” sequence of the trunk should the wood sample be 
taken to include the reversal. 

Skeleton plots of T-2, T-6, and T-9 are compared with the OL 
Standard on figure 27. The similarity among the sections and of 
each section with the Standard is obvious. It is, if anything, better 
than in the case of OL-B-42 (fig. 16). Growth layers absent on 
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certain sections are more numerous than on the Standard. In com- 
parison with OL-B-42, the skeleton-plot method of crossdating ap- 
pears more reliable section to section. The same cannot be said, how- 
ever, for a single radius compared with any other radius from the 
same trunk. 

Diagnostic growth layers are not so consistently thin relative to 
their neighbors as were the same growth layers in OL-B-42. The 
growth layer dated 1943, which does not change its relative thick- 
ness on any section of OL-B-42, becomes locally thicker than 1942 
on the north radius of T-1 in OL-SO-57 and on the southwest radius 
of T-2; 1936 is thicker than 1937 on all three radii of T-14; and 
1927 is only slightly thinner than 1926 on the southeast radius of 
T-9. Otherwise the diagnostic rings (1913, 1904, 1902, 1863-4, 1857, 
1851, and 1847 as listed for OL-B-42) do not change their relative 
thicknesses. It is perhaps true that those growth layers which show 
reversals are less diagnostic than those which show no reversals, a 
factor to be considered when one passes judgment on the reliability 
of sequences correlated from tree to tree. Diagnostic growth layers 
should not be so limited in number that crossdating becomes 
hazardous. 

Trend reversals are more common among the less diagnostic 
growth layers. The dated growth layers cited in OL-B-42 have 
the following behavior in OL-SO-57: 1900, commonly thinner than 
1901, is thicker on all radii of T-1, T-3, T-5, T-8, and T-10, on 
the southeast and southwest radii of T-2, T-4, and T-9, and on the 
north and southwest radii of T-6 and T-7; 1899 and 1900 do not 
reverse their relationships anywhere on the sections; 1893 is not 
thicker than 1892 at any place; 1868, commonly thicker than either 
1867 or 1869, is thinner than one or the other on all radii of T-8, 
on the north radius of T-1 and T-6, on the southeast radius of T-4 
and T-5, and on the southwest radius of T-7 and T-9; 1845, com- 
monly thinner than 1846, is thicker on the southeast and southwest 
radii of T-1, on the north and southwest radii of T-8, on the north 
radius of T-6, and on the southeast radius of T-2, T-3, and T-4; 
1842 and 1843 do not reverse their relationships anywhere on the 
sections studied; 1818 and 1819 reverse themselves on the south- 
east and southwest radij of T-7, on the southeast radius of T-2, and 
on the southwest radius of T-5; and 1805 and 1806 reverse their re- 
lationships on the southeast radius of T-3 and on the southwest 
radius of T-7. Some of the above illustrations have more, some 
less, reversals than in the case of OL-B-42. 


i) 
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Changes in relative thicknesses from one section to another with- 
out reversal in trend are given in table 17. No clear-cut consistent 
change can be noted. However, there is a tendency toward an in- 
creased ratio (central growth layer increasingly thin compared with 
adjacent growth layers) toward the top of the trunk for 1943, 1936, 
1913, 1896, 1871, and 1851; and a tendency to increased ratio at or 
near the base of the trunk for 1927 and 1904. In OL-SO-57, in 
contrast with OL-B-42, certain growth layers are more decidedly 
diagnostic in the upper portions of the trunk, that is, in the upper 


Tasie 17.—Relative thicknesses of certain growth layers, trunk of OL-SO-57. 
Ratio of thicknesses of certain thin growth layers to the mean 
of the sum of two adjacent growth layers 


Section 1943 1936 1927 1913 1904 1896 1871 1854 
COE eee 2.0 1.5 : 
TENS pe vie cic)ci\« + 2:3 2:4, 
A Uae Bal sity oat 2.6 Zh 5 
ANU ayecciene cies ae Zk 2.1 8) SZ 
TSO Aaa ees 1.8 2.0 17 3.2 3.6 1.8 Siete 
FR Uy terol clelese ats 1.8 12) 1.3 23 7.5 2.6 4.6 aes 
MU tae sdecsdebols cs aves, eS) 1.8 3 2.1 21.2 2.3 3.6 Tz 
TER ASE NNN I 2.0 2.0 1.8 2.0 6.2 1.9 2.3 4.1 
LE COTGEE, bat Sea 1.6 2.3 2.1 2.0 13.2 Moe) 2.1 3.2 
Si aise es sss 1.6 23 1) 22 acs 1.8 (4g5) 4.2 
ONY eke a zi (af 1.8 2.0 13.0 uh) 22 3:9 
Mehran taiter als 1.4 2.1 1.3 2.2 31.0 1.9 2.1 3.6 
CZAR SS ae a2 1.8 17, 1.8 23.3 1.6 2.0 3.0 
Dol cton es: 1.3 17 2.2 V7, sabe 1.7 1.9 3.2 


portion at the time the particular growth layers were formed. On 
certain dates, 1943, 1913, 1896, 1871, and 1851, the smallest ratios 
are near the base of the trunk. 

Summary.—Conclusions to be drawn from a consideration of 
absolute and relative thicknesses resemble so closely those set out 
under OL-B-42 (p. 45) that no repetition is necessary. 

Growth-layer thicknesses—Table 18 gives the average growth- 
layer thickness for each radius of each section of OL-SO-57, the 
average growth-layer thickness for each section, the maximum dif- 
ference among the three radii on each section, and overall averages 
for each radius and for the trunk as a whole. Average growth- 
layer thickness for the trunk as represented by 14 sections is 
0.957 mm.; this compares with 0.88 mm. for OL-B-42. 

With the exception of sections T-11 to T-14, the north radius 
contains the thickest growth layers on the average. Thinnest growth 
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layers are on the southwest radius for T-2, T-3, T-5, T-7, and 
T-11 to T-14, the other sections being thinnest on the - south- 
east. This differs from OL-B-42, where, with the exception of two 
sections, thinnest growth layers were on the southeast radius. Total 
average for the north radius is 1.20 mm., for the southeast radius 
0.85 mm., and for the southwest radius 0.83 mm. 

Maximum difference among the radii of any one section exists on 
T-10 with 0.65 mm.; minimum on T-13 with 0.10 mm. or on T-12 


Tas_e 18.—Average growth-layer thicknesses, mm., for the three radu of each 
section and for each section, trunk of OL-SO-57 


Average growth-layer width for Maximum 


each radius, mm. Average growth-layer difference 

— width, each section 3 radii 
Section N. SE. SW. mm. mm. 
ECs Cae eran 0.50 0.62 0.50 0.54 0.12 
ed S neces 0.67 0.77 0.73 0.72 0.10 
CBS a 0.87 1.05 0.79 0.90 0.26 
Aiba line pars ee 0.85 STS 0.83 0.94 0.32 
M10) cysiceverers 1.27 0.62 0.82 0.90 0.65 
ASO aes ea Hal7/ 0.76 0.80 0.91 0.41 
Apert eN Nee 1.24 0.70 0.76 0.90 0.54 
fev platen lt 1.16 1.09 0.84 1.03 0.32 
RGSS as 1.12 0.78 0.86 0.92 0.34 
ea Die habe 3 1.20 0.90 0.76 0.95 0.44 
Da? OF Aes Ve 1.29 0.92 0.92 1.04 0.37 
ACES Rae 1.18 0.92 0.87 0.99 0.31 
ROAD ate ZS 0.86 0.84 0.98 0.39 
BE) Rca Peete a) 1.29 0.71 0.81 0.94 0.58 

Average * .. 1.20 0.851 0.830 0.957 0.412 


* See note to table 10, page 46. 


with 0.26 mm. Following these sections, all near the top of the 
trunk, is T-3 with 0.31 mm. Greatest differences are not sharply 
localized. 

In general for the trunk, thickest section averages exist in the 
lower seven sections, 1.04 mm. in T-4 and 1.03 mm. in T-7. Thick- 
nesses in the lower seven sections range from 0.92 to 1.04 mm. and 
in the upper sections (excluding T-14) from 0.72 to 0.94 mm. 

Average depariure—Average departures of the various sections 
along three radii are shown on figure 28. Highest average positive 
departures occur on T-7 to T-9 (28 to 42 feet above ground) on 
the north radius and on T-6 to T-9 (22 to 42 feet above ground) 
on the southeast and southwest radii. Section T-1 is not uniformly 
positive as it is in OL-B-42. The upper portion of the tree trunk, sec- 
tions T-10 to T-14 (42 to 53 feet above ground), contains a high 
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average negative departure and thus resembles OL-B-42. In the 
lower portion of the trunk, T-1 to T-6 on the north radius and T-1 
to T-5 on the other two radii, average departures are more nearly 
normal. 

Table 19 gives average departure for each radius on each section. 
On sections T-2 to T-7, T-9, and T-11, average departure is fairly 
uniform around the circuit; on T-1, T-8, and T-12 to T-14, the dis- 


TABLE 19.—Circuit uniformity, trunk of OL-SO-57. Average departure, average 
variation, and average departure from mean variation for 
each radius of each section 


Average departure 


rom mean 
Average departure, % Average variation, % variation, % 
Section N. SE. SW. N. SE. SW. N. SE. Sw. 
Tala oe 42.3 32.2 43.2 AZ. S393 5525 32.4 20.6 27.3 
ASUS iy aici teicions 32.4 32.0 41.8 422 358 463 25.6 Zia Wea 
ei cecil 26:07) 3351 243 MS SO sow 20:8 25:8 (200 
ol Do) ih Pears eet BOS NSO) | SHES) SIG SO Wea AS 18.6 19.8 26.5 
MTalOy ies eats 46.0 41.1 41.2 33.7 39.0 33.4 19.5 219 18.6 
of RSS aN A 58.4 58.1 56.2 37.0 43.5 40.1 23:3 26:7 W248 
gto ag Sa 62.9 548 56.3 41.6 46.2 440 252 4 312, 268 
a7, i eee BV falh i GVA ROHS 39.6 43.8 39.2 255 298 24.6 
oh De(oy4 aes Cee 54.7 548 558 43.0 43.6 43.0 28:6 28:38 25.5 
SHES genie SNe 51.9 50.5 54.3 43.3 45.7 47.3 24.2 309 31.7 
MI Be Bay spa asi, un BOS SOM 47:6 41.5 43.3 43.8 26.8 28.3 28.0 
eS i e eese 512 514 49.6 43.1 45.2 43.7 27.6 286 28.1 
RAR oie: 51.8 480 50.8 43.2 42.7 447 27:1 2AOw 29.2 
i es Ue 55:6 48:3) | /52)5 449 47.7 441 27.6 295" 27.2 


parity among the radii around the circuit is rather high. Thus, the 
lower part of the trunk (lower 30 feet), with the exception of T-1, is 
somewhat more consistent around the circuit as shown by three radii 
than is the upper part of the trunk. 

Average departures for the sections as units are given in table 20, 
which shows that departures are rather uniform for the lower 25 feet 
of the trunk, T-1 to T-5, where more decided fluctuations begin 
(fig. 29 A). In contrast to OL-B-42 (table 12), T-1 has a depar- 
ture nearly identical to the mean of the tree. From T-5 to T-9 the 
average varies from 8 to 14 percent more than the tree average. The 
remainder of the tree, T-10 to T-14, varies from 16 to 46 percent 
below tree average. Between T-9 and T-10, the drop is sudden, 
from 12 percent above tree average to 16 percent below. Aver- 
age departure for the entire tree is 49.9 percent, contrasting with 
56.8 percent in OL-B-42. 
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Average variation.—Sectional variations along three radii are 
plotted on figure 30 A. The graphs fluctuate about the radius average. 
On sections T-1, T-3, T-5, T-10, T-11, and T-12 the direction of vari- 
ation from the radius mean is identical on the three sections. Near 
identity exists on T-4, T-6 to T-9, and T-13. Variation in oppo- 
site directions on one radius in relation to the other two occurs on 
T-2 and T-14. Thus, OL-SO-57 has much greater uniformity than 
OL-B-42. From T-8 upward to T-12 on the north and southwest 


TABLE 20.—Circuit uniformity, trunk of OL-SO-57. Sectional averages of 
departure, variation, departure fron mean variation, and trend 


Average 
departure Trend Trend = Circuit Partial 
Average Average frommean disagree- agree- agree- growth 
departure variation variation ments ments ment layers 
Section % % No. No. % % 
No Ire re ce 37.8 44} 24.6 1 11 92 
AES) as aa 31.9 40.1 24.0 4 15 79 
6S) Cale Ae 27.4 35.5 23.5 7 18 72 
<1) Le a 26.6 34.4 18.9 6 32 84 uy 
Ba LO) iss cteiciere 42.2 34.8 18.7 12 48 80 3.2 
MeO Wrst ls 56.2 3725 23.2 20 74 79 8.4 
eB /eielsietsce sci 57.3 42.6 26.1 20 04 82 9.5 
BOT caste tia Nae 55.7 40.6 26.5 30 120 80 6.6 
CLECs 3 ae 53.5 41.2 27.9 36 139 80 5.6 
4 eit ea Nees 512 45.1 27.7 34 166 83 5.9 
12 es Sere 48.5 41.9 27.1 42 179 81 6.3 
TIRE J aiceied eat a 49.7 42.3 27.0 44 192 él 6.7 
LRA as olen 48.3 41.1 26.7 55 200 78 6.2 
Les) erry 50.4 42.5 26.1 81 200 71 6.0 
Average* ... 49.9 41.4 26.2 79 


* See note to table 10, page 46. 


radii there is a marked decrease in average variation; this decrease 
holds throughout the southeast radius. 

Table 19 gives the average variation for each radius of each sec- 
tion. On the whole, the lower trunk has the greatest uniformity from 
radius to radius, the differences in percentage variations among the 
three radii ranging from 0.6 in T-6 to 4.0 in T-5, although maxi- 
mum variations exist primarily in the lower trunk. From T-7 to 
T-11 the differences are higher than in the lower trunk, ranging 
from 4.6 to 6.5. Greatest differences (least uniformity) among the 
radii exist in T-13 and T-14 where the growth layers are few. 

Table 20 gives the average variation for the combined sequences 
on each section (see also fig. 29 B). Except for T-5, the lower part 
of the trunk, T-1 to T-8, lies very close to the mean. The upper 
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part of the trunk, T-9 to T-12, is considerably less than the mean. 
Section T-14 has the second highest average variation. Thus, the 
lower 28 feet of the trunk have, in general, the highest average dif- 
ferences in consecutive years throughout the section sequences and 


Fic. 29.—Circuit uniformity, OL-SO-57. Graphs of average departure (A), 
of average variation (B), and of average departure from mean variation (C), 
for all sections T-1 to T-14. 


would, at least, not minimize any effects that environmental factors 
have on growth. 

In tree OL-SO-57, the three radii (fig. 30 A) differ more among 
themselves than they do in OL-B-42. The southeast radius (44.3 
percent) and the southwest radius (43.5 percent) are within 0.8 
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Fic. 30.—Circuit uniformity, OL-SO-57, three radii, all sections T-1 to T-14, 
Upper series shows average variation and lower shows average departure from 


mean variation. 
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percent of each other, whereas the north radius (42.1 percent) is 
1.4 percent removed from the southwest radius. The greatest dif- 
ference, 2.2 percent, exceeds that of OL-B-42, which is 0.8 percent. 

Average variation for the trunk as a whole is 41.4 percent, or 
& percent less than that of OL-B-42. The north radii on the two 
trees have the lowest average variations although they have the great- 
est average growth-layer thicknesses. 


OL-SO-57 
AVERAGE DEPARTURE FROM MEAN VARIATION 


60 | Southeast 
ol : ee EV ye SS a ke a 
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Fic. 31.—Columnar summary of the three parameters average departure, 
average variation, and average departure from mean variation for three radii 
of all sections, OL-SO-57. 


Average departure from mean variation—Figure 30 B shows the 
average departure from mean variation of all sections along three 
radii in relation to the mean of the entire radius. There seems to 
be no greater uniformity here than there was in the average varia- 
tion of OL-SO-57 or OL-B-42. Direction of departure from the 
mean is identical on T-3 and T-9 to T-12; near identity on T-2, T-4, 
T-6, T-7, and T-13; and opposite on T-1, T-5, T-8, and T-14. On 
T-5 and T-14 the north radius is opposed to the other two, on T-1 
it is the southwest radius, and on T-8 it is the southeast radius. The 
basal radii, T-1 to T-4, are much closer to the mean here than they 
were in OL-B-42. 

Table 19 gives the average departure from mean variation for 
each radius on each section. Greatest uniformity exists near the 
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base of the tree, T-1 to T-4, with a range of 1.0 to 2.1. Greatest 
differences among the radii lie on T-5, T-7 to T-8, and T-11 to T-14 
with a range of 4.3 to 11.8. Sections T-9 and T-10 occupy an inter- 
mediate position, whereas the least difference among the three radii 
comes on T-6. Thus, insofar as departure from mean variation is 
concerned, the lower trunk for some 12 to 14 feet has the greatest 
uniformity among the radii. 


TABLE 21.—Summary of circuit uniformity, trunk of OL-SO-57 


Average Average 


growth. Maximum departure 
layer difference Average Average from mean Circuit 
thickness 3 radii departure variation variation agreement 
Section mm. mm. %o ) % % 
ARTA Ly were cise s 0.54 0.12 38 44 25 92 
DUS wierd tswevsvatare 0.72 0.10 32 40 24 79 
10S 7A onan 0.90 0.26 27 36 24 72 
20 DU eae 0.94 0.32 27 34 19 84 
20S (UGS R aaa eeee 0.90 0.65 42 34 19 80 
MeO eters sures bce 0.91 0.41 56 38 23 79 
Te a eee 0.90 0.54 57 43 26 82 
SRA NS ae 1.03 0.32 56 41 26 80 
COA STSE Re tere ete 0.92 0.34 54 41 28 80 
Fn Sar Sam anh a 0.95 0.44 51 45 28 83 
Aber ipl eae 1.04 0.37 48 42 27 81 
Maia vepel 0 < 0.99 0.31 50 42 Zi, 81 
Mea Mees cee aus. s 0.98 0.39 48 41 27 78 
GOS HOS eae ee ne 0.94 0.58 50 42 26 71 
Average * .... 0.957 0.412 49.9 41.4 26.2 79 


Average growth-layer thickness 
for each radius 


7m. 
NE stole: feces 1.20 
Sic ciel s 0.851 
SW ccna nse 0.830 


* See note to table 10, page 46. 


Average departure from mean variation for each section as a 
whole is shown in table 20. Sections T-1 to T-8 approximate closely 
the tree average of 26.2 percent (fig. 29 C). Sections T-9 to T-11 
depart rather widely from the tree average by having a smaller 
variation. In general, the lower trunk has a percentage slightly 
greater than the tree average. 

Among the three radii on figure 30 B, the average for the south- 
west radius is intermediate between the averages of the other two 
and thus resembles the situation in OL-B-42 except that average 
percentages in OL-SO-57 are lower for all three radii. 
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Fic. 32.—Circuit uniformity by decades, OL-SO-57, sections T-2, T-5, and 


T-8. Graphs of the three parameters average departure, average variation, and 
average departure from mean variation, in percent. 
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Average departure from mean variation for the trunk is 26.2 per- 
cent (table 20), which contrasts with 29.1 percent for OL-B-42 
(table 12). 

Summary.—Generalized averages for sections and for the entire 
tree as represented by 14 sections are given in table 21 where the 
tree averages allow for the progressively fewer growth layers in the 
upper sections. Average growth-layer thickness for the tree is 


years 
Agreement Ezy 1641-80 Reversals 
(223 1906-45 co 


Fic. 33.—Comparison of circuit agreement on eight sections of OL-SO-57 
for the time intervals 1841-1880 and 1906-1945. 


0.957 mm. and the average maximum difference among the three 
radii is 0.412 mm. On the average, thickest portions of growth 
layers around the circuit exist on the north radius (1.20 mm.), por- 
tions of intermediate thickness on the southeast radius (0.851 mm.), 
and those of least thickness on the southwest (0.830 mm.). The 
average percentage of circuit agreement for all sections together is 
79. For the tree as a whole, average departure comes to 49.9 per- 
cent, average variation 41.4 percent, and average departure from 
mean variation 26.2 percent. 

These figures perhaps have more significance if they are set op- 
posite their counterparts of OL-B-42 as is done in table 22. In 
OL-SO-57, thicknesses are greater than in OL-B-42; all other 
parameters are smaller except in the case of trend, where the differ- 
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ence between the two trees is slight. On the whole, OL-SO-57 has 
thicker and more uniform growth layers. 

Average departure, average variation, and average departure from 
mean variation are summarized on figure 31. A high degree of con- 
sistency exists throughout the trunk, at least as shown by a fair 
number of cross sections, in average variation and in average depar- 
ture from mean variation. Only in average departure is there a de- 
cided change from bottom to top of trunk. Sections T-10 to T-14 
are below average, and T-11 and T-12 are very much so. At about 
mid-tree, from 22 or 30 feet to 40 feet above ground, average de- 
partures exceed the average on both trees, OL-B-42 and OL-SO-5/. 
Consistency in average departure is as well marked in the lower 
portion of the trunks, T-1 to T-6 in the two trees, as were the other 
two parameters. 


Tas_Le 22.—Summary comparison between trunks of OL-B-42 and OL-SO-57 


OL-B-42 OL-SO-57 
Average growth-layer thickness, mm............... 0.88 0.957 
Maximum difference among 3 radii, mm............. 0.296 0.412 
Average departures Jo sio3io cicieieisiereaialetseustaieraietensiaxcramrels 56.8 49.9 
Average variation’; Joie saecee eee hee ee 45.5 41.4 
Average departure from mean variation, %......... 29.1 26.2 
Circuit agreement, Gisj2/0/./:de sis aie ieierale wrelelorsoeirtoeie 80 79 


A different treatment of these parameters is shown on figure 32 
where three sections, T-2, T-5, and T-8, are plotted by decades. A 
plainly visible increase occurred in average departure and average 
variation in the decade beginning in 1820 and another one 100 years 
later. The same fluctuation occurs in a much more subdued form 
in average departure from mean variation. ; 

Figure 33 was constructed, as was figure 22, to determine any 
possible change in uniformity between the two time intervals 1841- 
1880 and 1906-1945, similar to the contrasts found in New Mexico 
which suggested changes in the rainfall regime (Leopold, 1951; 
Glock, 1950). Uniformity was distinctly less during the interval 
1906-1945 in OL-B-42 and OL-SO-5/7, suggesting a change of some 
growth factor in the opposite direction to that found by Leopold and 
by Glock in New Mexico. 


TREE OL-S-62 


Absolute thickness——Growth-layer thicknesses for the several radii 
of sections T-2, T-6, and T-9 have been plotted on figures 34, 35, 
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and 36. The graphs indicate gross similarity not only among the 
radii of a section but also among the sections, although in the latter 
case the differences are greater. Uniformity of crests and troughs 
leaves much to be desired; for instance, 1944, 1935, 1933, 1932, 
1931, 1930, 1925, 1922, 1919, and many others. 

Growth-layer thicknesses show the same lack of uniformity around 
the circuit as in OL-B-42 and OL-SO-57. On T-1 it is unusual to 
have the radii vary by as much as a factor of 2; in extreme cases 
by a factor of 8. Above T-1 and up to T-5, variations in thickness 
around the circuit are not nearly as great as in T-1; in T-6 there is 
a slight increase, which continues upward. 

The north radius as a unit is longer than the other radii. That 
does not mean, however, that all growth layers have their thickest 
portions on the north radius. Table 14 shows that, on T-2 of OL- 
S-62, 136 cases out of 251 do not fall on the north radius; of these 
136, 41 occur on the southwest radius. More than half the growth 
layers do not have their thickest portions on the north radius. On 
T-6, 50 cases out of 190 do not fall on the north radius; of these 
50, 30 occur on the southwest radius. More than half of the growth 
layers, 73.7 percent, do fall on the north radius. On T-9, 127 cases 
out of 134 do not fall on the north radius; of these 127, 20 occur 
on the southwest radius. A great majority, 79.8 percent, fall on the 
southeast radius. 

In OL-S-62, 54.4 percent of the total cases of growth layers on 
all the radii do not have their thickest portions on the north radius, 
a figure decidedly higher than for either OL-B-42, 36 percent, or 
OL-SO-57, 20 percent. Even so, the thickest portions of growth 
layers are primarily on the north radius, secondarily on the south- 
east, and least on the southwest, thus agreeing with OL-SO-57 but 
not with OL-B-42. Section T-9 favors the southeast radius to a 
high degree. Tree OL-S-62 does not possess the uniformity in dis- 
tribution of the thickest portions of its growth layers as do the 
other two trees. 

The measurement of five radii on T-1, T-5, and T-9 of OL-S-62 
gives an opportunity for an examination of the thicknesses of the 
growth layers for 1830-1879 to determine whether a growth layer 
increases and decreases once around the circuit or whether it fluctu- 
ates about a mean. The incidence of such fluctuation about a mean 
has these ratios in respect to the 50 growth layers: For T-1, 1.92; 
for T-5, 1.92; and for T-9, 2.63. Obviously this fluctuation about a 
mean around the circuit is much more typical of OL-S-62 than it is 
of OL-B-42. Here, fluctuation about a mean dominates both at basal 
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trunk and at mid-trunk. At the top of the tree there is a strong 
tendency toward a single direction of enlargement. 

Relative thickness and trend—The meaning of these terms and 
their use have been explained in the discussion of tree OL-B-42. 

For the interval 1802-1947, trends were counted on the three 
radii of sections T-2, T-6, and T-9 and comparisons made between 
radii as shown in table 23. This table gives the number and per- 
centage of cases out of 146 in T-2 and T-6 and out of 143 in T-9 
where the trend on the two radii being compared is opposite in direc- 


TasLe 23.—Circuit uniformity, trunk of OL-S-62. Number and percentage of 
opposed trends between different pairs of radii and among all three 
radii of sections T-2, T-6, and T-9 


T-2 (146 cases) T-6 (146 cases) T-9 (143 cases) 

oa SSS SSS SSS 

Radii No. % No. % No. % 

INP V SSIS Gee eck auc 25 17 22 15 20 14 
SEV SSSI els cicielele 25 17 24 16 21 15 
INFUSES eaters scisiesras 27 18 25 17 17 12 
ATS eraditemnns ss ce8 0 OF 25 36 25 29 20 


tion. The lowest line gives simultaneous comparison of the three radii. 
On T-2 and T-6 the greatest number of reversed trends occurs where 
the north radius is contrasted with the southwest; on T-9, the great- 
est number occurs where the southeast is contrasted with the south- 
west. Tree OL-S-62 resembles OL-SO-57 in having the greatest 
number of opposed trends near or at the base of the trunk. In gen- 
eral, OL-S-62 has somewhat more disparity among the pairs of 
radii than does OL-SO-57. It is clear, first, that considerable dif- 
ferences in trend occur around the trunk and, second, that these 
differences fluctuate from one portion of a trunk to another and 
from tree to tree. Figures 34, 35, and 36 give the year-to-year de- 
tails of agreement among the radii of three sections. 

As in the case of OL-B-42, section T-1 of OL-S-62 was analyzed 
for trend by contrasting each of the five radii with the other four 
for the years 1802-1947. Numbers of opposed trends out of 146 
are as follows: 


INS NA es HCN. ois 29 STEW) NIV ees 29 
ING SSI Walle sik) stay sisse uel nale 25 SVG SNA ay Saws ee as 21 
ING SEOIN Ee i uae 30 SWi=W NW sae 19 
INGSWINI Wie) atte u ce 28 ENE.-WNW. .......- 20 
SE eS Wilice vincssulci ibe 27 IN(- SESS Wena sheers cri: 40 


SESE NE ee ioe ca ot 28 AUT five) ayy etae te ac) 51 
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There are some 17 percent more reversals in T-1 of OL-S-62 
than in the same section of OL-B-42. 

All five radii considered simultaneously give 51 opposed trends 
out of 146, whereas the three radii, N., SE., and SW., taken to- 
gether give 40 opposed trends out of 146. The addition of two radii 
reveals 11 more opposed trends or some 27 percent more. Figure 14 B 
illustrates the number of opposed trends among three radii contrasted 
with those among five. Disagreements are not uniformly distributed 
from decade to decade, and these disagreements do not harmonize 
with those in OL-B-42. On T-1 the interval from 1830 to 1879 
has 10 percent opposed trends; in contrast, the interval from 1880 
to 1929 averages 42 percent opposed trends for three radii. 


TABLE 24.—Circuit uniformity, trunk of OL-S-62. Percent of opposed trends or 
disagreements, comparing three and five radi 


T-1 (1680-1947) T-5 (1740-1947) T-9 (1820-1947) 
Se RATT, ON ee Ne a) Waray VIR ee 25 24 21 
IS). cee hb DEN MURA MM SAA Oy) UE SLOTS 35 33 30 


Table 24 summarizes the information on figure 14 B. The greatest 
number of trend disagreements occurs at the base of the trunk in 
T-1, the least near the top in T-9. This is in marked contrast with 
OL-B-42. In all three sections, the five radii show a much higher 
percentage of opposed trends. 

On figure 37 each shaded column indicates a trend reversal some- 
where on the circuit of the particular section for a certain year. No 
definite pattern attracts the eye either for agreement or disagree- 
ment. Single sections contain a few rather long intervals of agree 
‘ment around the circuit, those of 10 or more Tene being: 


Tada 1720-1743 foe een 1813-1824 Ore rreys 1899-1909 
1813-1825 1827-1836 1934-1943 
1828-1838 1850-1882 
1862-1878 T-10 ....1839-1849 

Abuser in 1778-1787 1852-1864 

2 oa 1729-1740 1812-1824 1933-1942 
1746-1756 1838-1848 
1758-1767 T-11 ....1868-1885 
1813-1825 DOr act 1812-1823 
1850-1860 1864-1877 
1932-1942 1933-1942 

GNSS) eis f 1716-1725 Ae 7 Wicca 1892-1909 
1733-1750 
1752-1767 PES) es cate 1812-1823 
1812-1827 1829-1848 
1850-1864 1855-1875 


1866-1877 1902-1914 
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The total number of years on T-1 to T-11 where no trend rever- 
sal occurs is 513; on OL-SO-57 it is 441. 
When more than one section is considered, agreements are not so 
common or so prolonged. Those with five or more years in agree- 


ment are: 
Tall Maseee a2 725 Te5( Geel S12-1825 nll aie 8 ee SGeeIeas 
Te EY, SADT TAS M3. 2. 31813-1825.) 1-3. T-40e 1866-1877) 
1729-1740 
Wee aA | apsi FT FTES) 
elas eert 735-1740 1834-1840 
T-1-T-12. ..1893-1897 
Tf -4 | 1785-1740 T-4- T-8....1838-1845 
T-1-T-5....1893-1899 
T3F4)17AS 1748 Mu eee aac tent Teed 
T-1-T-11...1902-1907 
DBoTS, .ansaigey | PP Peco 
T-7-— T-10...1902-1909 
ADS. psearee Tle 28 on 1855-1860 
T-3-T-4....1950-1964  _T-8-T-10...1907-1912 
1 4 Men 605 1766 
T-8—T-10...1860-1864  T-8-T-9....1924-1928 
Deas), Uta 
T-7 —T-8....1862-1866 T-1-—T-10. . .1934-1938 
DAS TS 1 lg2-1776 
1778-1785 T-6 -T-7....1868-1875 T-9 —-T-10. . .1934-1942 
Dat = T-8.0 181321819) ral 8 ee 18 7Ae 1875 T-2—T-4....1934-1942 


Consistency of trend among two or more sections for prolonged 
intervals prevails in OL-S-62 to a much greater extent than in 
OL-SO-57. If sections T-1 to T-7 are taken as a unit, consistency 
of trend prevails for 52 percent of the time—78 years out of 150, 
1798-1947. It was 46 percent for OL-SO-57. When T-8 is added 
to the seven sections, the percentage of uniform trend does not 
change; with T-9 the percentage drops to 48 for 1815-1947; with 
T-10 the percentage is 46 for 1839-1947; with T-11 it is 42 for 
1866-1947; with T-12 it drops to 38; and with T-13 it drops to 31 
percent for 1899-1947. Such decreases are to be expected. 

Consistency of opposed trends around the circuit is not so preva- 
lent as uniformity of trend. 
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Years with opposed trends on three consecutive sections: 


1789 1839 1887 1921 
1792 1846 1892 1931 
1802 1854 1900 1933 
1809 1861 1901 
1811 1879 1908 
Years with opposed trends on four consecutive sections : 
1786 1828 1915 1938 
1806 1876 1926 1943 
1811 1879 1929 1944 
1886 1931 
Years with opposed trends on five consecutive sections: 
1788 1825 1915 1923 
Years with opposed trends on six consecutive sections: 
1777 1837 1889 
1796 1849 


Years with opposed trends on seven consecutive sections: 1891 and 1911. 


TABLE 25.—Circuit uniformity, trunk of OL-S-62. Number and percentage of 
opposed trends for all sections 


Number of Number of years Percent 

Section Time interval years of trend reversals reversal 
A Bie e B A 5 1925-1947 23 6 26 
Mai antares bi e-sishe 2 cis 1899-1947 49 17 35 
Ae ARN ee a 1883-1947 65 15 23 
(DD Ls ere Gea eae or 1866-1947 82 17 21 
ML Opiate eirsicie tes 1839-1947 109 21 19 
Tra OM rete stele Sloss 1815-1947 133 29 22 
TS Oi ae Gam 1796-1947 152 25 16 
Tei) io aaa ee 1788-1947 160 36 22 
ADELOY Gs eee a 1761-1947 187 50 27 
TEE EE a ae 1751-1947 197 46 23 
PAM serene oslo 5 Sas 1731-1947 217 35 16 
TREE Get i ea 1713-1947 235 42 18 
eA oe. Se a la 1700-1947 248 53 21 
“TRI bal Sail 1700-1947 248 63 25 


The year 1891 has 10 consecutive sections, T-1 to T-10, with op- 
posed trends somewhere on their circuits. Little consistency exists 
in the location of the reversals and, quantitatively, there is little to 
choose between OL-SO-57 and OL-S-62. Reversals seldom extend 
along the trunk for more than four sections. 

Table 25 summarizes the trend reversals on figure 37. Again, as 
in OL-B-42 and OL-SO-57, opposed trends are more prevalent near 
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the top of the trunk; elsewhere several sections are not consistently 
high or low in percentage of reversals. 

The average reversal per section, 22.1 percent, is somewhat higher 
in OL-S-62 than in OL-SO-57, 20.4 percent. Thus, circuit uni- 
formity approximates 78 percent, which is less than that of OL- 
SO-57. Sections T-9 to T-13 of OL-S-62 have circuit uniformity of 
76.2 percent, which compares with 78.8 percent for OL-SO-57 and 
69.8 percent for OL-B-42. It is clear that the tree nearest the lower 
forest border possesses the lowest degree of trend uniformity. 

Percentages of trend agreement based on longer sequences than 
those given in table 25 are set out in table 29. The maximum differ- 
ence of a section from the tree mean is 13 percent, identical with that 
of OL-SO-57 and much less than that of OL-B-42 (19 percent). 
Average difference of each section from the tree mean is 3.5 percent, 
which is nearly identical with OL-SO-57, 3.4 percent, but contrasts 
with OL-B-42, 5.2 percent. In this respect, trees OL-SO-57 and 
OL-S-62 resemble each other. 

Figure 37 permits the identification of opposed trends localized on 
one section out of six or more starting with 1761. A reversal is re- 
stricted to one section on the following dates: 


Out of 6 sections........... 1762 T-5 1779 T-1 
1764 T-6 1780 T-1 
1766 T-6 1783 T-6 
1769 T-6 1784 T-1 
1770 T-6 1785 T-1 
1775 T-1 

@utiof 7 sections..-540-- None 

Out of 8 sections........... 1803 T-1 

Out of 9 sections........... 1815 T-9 1823 T-9 
1816 T-9 1827 T-l 
1820 T-7 

Out of 10 sections.......... 1844 T-2 1859 T-9 
1851 T-10 1862 T-6 
1855 T-9 1863 T-6 

Out of 11 sections.......... 1874 T-10 1881 T-7 
1880 T-6 

Out of 12 sections.......... None 

Out of 13 sections.......... 1899 T-13 1914 T-13 
1907 T-12 1917 T-13 
1912 T-12 

Out of 14 sections.......... 1930 T-13 
1936 ' T-11 

Out of 15 sections.......... 1940 T-1 1947 T-15 


1946 T-14 
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The incidence of an opposed trend localized on one section ap- 
pears to be more common than in OL-SO-57. If so, this increases 
the possibility of including such reversal on a restricted sample of 
the trunk. 

Skeleton plots of T-2, T-6, and T-9 of OL-S-62 are compared with 
the Standard plot on figure 38. Crossdating among the sections and 
with the Standard seems to be better than among the other two trees. 
At least on the three sections plotted, so-called absence of a growth 
layer is nearly nonexistent. 

Diagnostic growth layers in the last several decades are not so con- 
sistently set apart from their adjacent growth layers as were earlier 
growth layers. The growth layer dated 1943, which in OL-B-42 and 
on the Standard plot is thinner than 1942, has many reversals of this 
relationship on entire sections of OL-S-62: T-5, T-7, T-8, T-9, and 
T-14, and nearly the entire sections of T-2, T-4, T-6, T-10, T-11, and 
T-12; 1943 is thicker than 1944 at many places. The growth layer 
for 1936 becomes thicker than 1935 on the entire sections of T-12, 
T-13, and T-14 and on the north and southwest radii of T-11; 
1927 reverses its relationship with 1928 on the southeast radius of 
T-13 and the southeast and southwest radii of T-14. The highly 
diagnostic growth layers (1913, 1904, 1902, 1863-1864, 1857, 1851, 
and 1847) maintain their relationships as very thin growth layers 
except for 1864, which is thicker than 1865 on one or two radii of 
T-3, T-5, T-9, and T-10; except for 1851, which is thicker than 
1850 on the southwest radius of T-10; and except for 1913, which 
is thicker than 1914 on the southeast radius of T-13. 

Trend reversals are not uncommon among the less diagnostic 
growth layers. The growth layer for 1900, commonly thinner than 
that for 1901, is thicker than 1901 on one or more radii of T-2, T-3, 
T-4, T-8, T-9, and T-10; 1893 remains thinner than 1892; 1868 is 
thinner than 1867 around the circuit of T-11; 1845 is thicker than 
1846 on one, more commonly two, radii of T-1 to T-7; 1842 is uni- 
formly thinner than 1843 ; 1818 is thicker than 1819 around the circuit 
of T-9; and 1806 is thinner than 1805 save for one or two radii of 
T-1 to T-5 and T-7. Here as in OL-SO-57 most reversals occur 
among the less diagnostic and thicker growth layers. 

Table 26 sets forth change in relative thicknesses among the vari- 
ous sections of OL-S-62 where no reversal is involved. In the table, 
the thinner the central growth layer is in relation to its adjacent 
growth layers, the higher the ratio. No consistent pattern emerges 
from the data because there is no consistent portion of the trunk 
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where the diagnostic quality is greater than elsewhere. For 1940, 
the ratio is greater in the upper sections; for 1936, the ratio is less 
at the top; for 1927, it is greater at the base; for 1913, it is greater 
at the base; for 1904, it is greater in the lower 15 feet of the trunk ; 
and for 1896, 1871, and 1851, no one portion of the trunk shows 
a decided increase or decrease. 

Summary.—Analysis of the sections of OL-S-62 reveals little in- 
formation differing from OL-SO-57. Perhaps it is fair to say that 
consistency within a tree, as shown by trend and crossdating studies, 


TABLE 26.—Relative thicknesses of certain growth layers, trunk of OL-S-62. 
Ratio of thicknesses of certain thin growth layers to the mean 
of the sum of the two adjacent growth layers 


Section 1940 * 1936 1927 1913 1904 1896 1871 1851 


1S oddeboooeer 3.1 1.2 1.1 at ane 

TUS) ida 6OOOESE 3.0 ae2 17 1.6 2.3 Me 

TO ys ese eeeeann 2.0 1.3 1.8 2.4 Sul 1.8 ay 

UUs Soins Ae 2.0 1.3 4 V7, 5.0 2.3 3.0 Re, 
USC. eaten eee 1.9 1.6 1-9 2.0 8.8 2.0 2.8 1.3 
IOS) roc eee Beate 1.6 1.4 1.3 BS) SEY 55) 2.4 1.6 
Ge Sire telesaecievenirs: 5 1.8 1.4 1.7 188) 6.2 1s) 2.4 1.4 
MRT WA EY. aieks a) « 1.6 1.6 1.3 2.0 8.3 1.8 2.8 1.6 
PE OW ete jars a slaces«.< 11S) 1.6 eZ, 19 8.9 15 2.6 1.4 
TIES) rei: eee 1.8 1.6 1.8 far. 7.1 1.6 4.5) 1.4 
ARE eye ara a aa 1.8 15 2.0 2.9 15.8 1.8 2.8 15 
10S) 2st See 1.8 cS 1:9 2.2 10.8 1.8 2.8 5 
TCP tS Lee 1.6 1.4 2.0 2.9 78 2.2 2.8 1.7 
Bl) oe en 1.6 US) 2.0 2.0 3.4 1.6 Za 15 


* 1940 used here in place of 1943 because in most instances 1943 was not a thin growth 
layer; in fact, many times it is larger than 1942 or 1944. 


matches that of the merged general records of several trees from 
the immediate vicinity. Inconsistencies are present in all parts of 
the trunk. Crossdating from one portion of the trunk to another is 
no more striking than the crossdating of one section with the master 
chart. In fact, variations within a tree can be as great as, or even 
greater than, those from tree to tree. 

Growth-layer thicknesses——Table 27 gives detailed information on 
growth-layer thicknesses. For the entire trunk as represented by 
15 sections the average growth-layer thickness is 0.997 mm., which 
compares with 0.957 mm. for OL-SO-57 and 0.88 mm. for OL-B-42. 

The north radius contains the thickest sequences on all sections 
except T-1, T-3, T-4, T-5, T-9, T-13, and T-15; the southeast radius 
contains the thickest sequences on T-1, T-3, T-4, T-9, T-13, and 
T-15, and contains the second thickest on T-2, T-5, T-6, T-8, T-10, 
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T-11, and T-12; the southwest radius contains the thickest on T-5, 
and is second on T-4, T-6, T-7, T-9, T-13, and T-14. Here, as on 
OL-SO-57, the sequences on the southwest are the thinnest, 0.93 mm. 
The north radii on all sections average a little below 1.03 mm. and 
the southeast slightly more than 1.03 mm. Sections from T-5 to 
T-10 have the greatest average growth-layer thickness per section. 

Average difference among the average thicknesses of the sections 
is 0.195 mm. (0.412 mm. for OL-SO-5/7 and 0.296 mm. for OL-B- 


TasLpe 27.—Average growth-layer thicknesses, mm., for the three radii of each 
section and for each section, trunk of OL-S-62 


Average growth-layer width for Maximum 
each radius, mm. Average growth-layer difference 
ooo eee width, each section 3 radii 

Section N. SE. SW. mm. mm. 
PEL S/N Re ie yee 0.72 0.76 0.74 0.74 0.04 
Mela ee ane 0.51 0.45 0.48 0.48 0.06 
Pay 3) yok Scie aaye 0.55 0.79 0.57 0.64 0.24 
a Ue noe 0.92 0.84 0.81 0.86 0.11 
oS) US GAN pla 0.98 0.88 0.85 0.90 0.13 
RES COR ae 1.23 1.03 0.85 1.04 0.38 
TO) ea cesar 0.97 1.33 1.02 1.11 0.36 
a DSR Rien Sate ee 1.24 1.10 1.08 1.14 0.16 
Wise Zs Wi epee 1.10 1.06 1.08 1.08 0.04 
MeO easel 1.24 0.93 0.93 1.03 0.31 
Bess ys ckaeetsy arate 1.01 1.13 1.18 1.11 0.17 
A ete 0.90 US) 0.94 0.99 0.23 
M3 ieee ate 1.01 1.02 0.89 0.97 0.13 
Be wnat ealeeau. aye 1.00 0.94 0.89 0.94 0.11 
fi Bes Es een an 1.01 1.04 0.79 0.95 0.25 
Average * .... 1.03 1.03 0.93 0.997 0.195 


* See note to table 10, page 46. 


42). Maximum difference among the radii of any one section comes 
on T-10 with 0.38 mm. This compares with 0.65 mm. on T-10 of 
OL-SO-57. Minimum difference is 0.04 mm. on T-7. Greatest differ- 
ences are not localized in any part of the trunk. In general, how- 
ever, greatest differences are at mid-trunk. Averages in the lower 
seven sections range from 0.04 to 0.31 mm. and in the next seven 
upward from 0.06 to 0.38 mm. The trunk of OL-S-62, in compari- 
son with OL-SO-57, has thicker growth layers and less differences 
in average thicknesses among the radii. 

Average departure—Figure 39 gives the average departures of 
the various sections along three radii from the mean of the entire 
radius. The three radii here contrast strongly with figure 17 for 
OL-B-42 and figure 28 for OL-SO-57. Highest average positive 
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departures occur in T-14 and T-15 on the north radius, in T-13 to 
T-15 on the southeast radius, and in T-14 on the southwest radius. 

Positive departures characterize the lower portions of the trunk, 
which is not true at all for OL-SO-57 and only partially so for 
OL-B-42. Sections T-1, T-2, T-4, T-14, and T-15 have positive 
departures on all three radii; sections T-7 to T-12 have negative de- 
partures on all three radii; and sections T-3, T-5, T-6, and T-13 
have mixed departures on the three radii. If we disregard the two 
upper sections, the greatest departures are at mid-trunk. 


TABLE 28.—Circuit uniformity, trunk of OL-S-62. Average departure, average 
variation and average departure from mean variation for 
each radius of each section 


Average departure 


from mean 

Average departure, % Average variation, % variation, % 
Section MSE Swe NSE ASE SN SRemintoe 
Le |S) Aes 478 50.7 40.1 52.8 60.2 440 270 33:0 17.8 
Ma ec clas 39.7 42.0 59.0 45.4 444 59.0 34:3" || (229d 
ADEILS) Wiehe vers 34.0 43.9 35.9 42.0 439 38.8 27:3 30:7 ZS 
Nes WF Taste ahsr 33:9) 36:3) 935.4 SHS) Bist | Slap 2ZANTZSORZSS 
STA teaaspe eat 33:0 oo. OF oOsk 33.6 33.0 34.8 AIAN) CARS)» ZAM) 
i BE ae 29.9 35.8 34.7 30:7 35.2) te 354: 18:7. 20 Ag Ziel 
T=O sain aula 32.4 30.6 343 30: Dig S Ones 53 19.5 189 21.0 
TBE Sie BIA aN 3310) 35 eokt2 33.9 344 33.0 21.9 21.5 19.6 
D7 Aa ena SLO SAW S783 33.1 33.2 348 201) 193m 2te7 
AL =O) by: Re 3830 39/0) 37.1 Sl Ou oars moa 19:6) 22258202 
MeSH sate ate isp SVE eVAY SOS SEM SB) | 1 6855 220 20 Ans 
De A Pa Na 377, 43:0) Al 5 41.0 381 39.3 23:0 25a Zod 
= Sid oteee esa 35:5 36.9: 39.4 39.4 40.9 39.9 21:7 ©) 23:30 23'S 
REVAD Nay 38:7 398) 41:3 36.3 40.6 39.0 20.8 24.8 24.1 
ST Sar nee rate 38.3 428 43.3 38.9 38.2 40.3 223.1 247 23:3 


Table 28 gives the average departure for each radius on each 
section. On sections T-2 to T-3, T-5 to T-6, T-8 to T-9, and T-11 
to T-12 average departures are fairly uniform around the circuits; 
on T-1, T-4, T-7, T-10, and T-13 to T-15 the disparity around the 
circuit among the radii is rather high. Low differences in average 
departure among the three radii are much more prevalent than high 
differences. In fact, it appears that every third section beginning 
with T-1 has high differences among the three radii. With the ex- 
ception of the upper three sections, departure from section to sec- 
tion does not seem quite so consistent as in OL-SO-57. 

Average departures for the sections as units are given in table 29. 
Sections T-1 to T-6 are uniformly higher than the mean, and sec- 
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tions T-7 to T-12 are much lower than the mean (fig. 40 A). Here, 
as in OL-SO-57 (table 20), T-1 has an average almost identical 
with that of the trunk as a whole. From T-2 to T-6, the average 
varies from 0.2 to 1.2 percent above the trunk average. From T-7 
to T-12 the average varies from 1.8 to 4.8 percent below trunk aver- 
age. Section T-13 has the same departure, 36 percent, as that of 
T-1. The upper sections, T-14 and T-15, depart 9 to 10 percent 
from the trunk average. 


TABLE 29.—Circuit uniformity, trunk of OL-S-62. Sectional averages of 
departure, variation, departure from mean variation, and trend 


Average 
departure Trend Trend Circuit Partial 
Average Average from mean  disagree- agree- agree- growth 
departure variation variation ments ments ment layers 
Section % To % No. No. % % 
DARN eR nea 46.3 Sle 25.4 1 7 88 Bers 
DER) HS yeah a 45.0 46.3 30.8 6 17 74 WAS 
AUS ve sets 2.02 hs 36.1 39.8 26.7 17 32 65 0.0 
PAs: 34.2 34.0 21.9 15 50 77 1.5 
Acai ie atshcre cea 33.9 33.0 20.4 17 65 79 1.2 
TREND) os Sener 322 33.7 19.7 21 88 81 1.8 
MeO valiant: SEZ, 30.5 18.2 29 104 78 Zid, 
tS) May eeUN Te 30.8 33.1 20.5 25 127 84 1.9 
Ha Himiy, Biss oh 33:5 S205 20.2 36 124 78 4.3 
PAG eps See srete Mic Val 31.3 19.4 50 137 73 4.2 
SE aes BC ee 37.3 33.4 20.3 46 151 77 4.0 
TURE: b thas nee 37.9 38.1 22.4 35 182 84 5.0 
See Se seis 36.8 38.4 22.3 42 193 82 3.8 
Ma Ziwse eh ets 38.7 36.8 22.0 57 195 77 Sel 
PP Mee ShS, a eok 35.6 37.3 21.4 68 205 75 3.6 
Average* ... 35.8 3 5nl 20.9 78 


* See note to table 10, page 46. 


For the entire trunk as a unit the average departure is 35.8 per- 
cent, which contrasts with 49.9 percent for OL-SO-57 and 56.8 
for OL-B-42. 

Average variation.—Sectional variations along three radii are 
plotted on figure 41 A. The graphs fluctuate rather uniformly and 
to a higher degree than do those in OL-SO-57. On sections T-1, 
T-3, T-4, T-6 to T-11, and T-13 to T-15, the direction of variation 
from the radius mean is identical on the three radii; that is, all sec- 
tions enumerated were either uniformly above or below the mean. 
On section T-12 the direction of variation on one radius is opposite 
to that on the other two. Near identity exists on T-2 and T-5. Thus, 
tree OL-S-62 has considerably greater uniformity than OL-SO-57 
in the amount of variation with respect to the radius mean. 


94 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145 
Average variation for each radius of each section on OL-S-62 is 
set forth in table 28. In general, the lower nine sections possess 
fairly high uniformity from radius to radius—small percentage dif- 
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Fic. 40.—Circuit uniformity, OL-S-62. Graphs of average departure (A), of 
average variation (B), and of average departure from mean variation (C), for 


all sections T-1 to T-15. 


ferences prevail. On T-1, T-3 to T-5, T-7 to T-9, and T-11 the range 
in percentage among the three radii is from 1.4 to 2.9. Sections T-2, 
T-6, and T-10 have high percentage differences—4.3 to 4.7 percent. 
The upper four sections, T-12 to T-15, range from 4.9 to 16.2 
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percent, these being maxima for the trunk. Of course, the four upper 
sections contain very few growth layers. Otherwise, the trunk pos- 
sesses uniformity of variation noticeably greater than that of OL- 
SO-57. Section for section, OL-S-62 has not only more uniformity 
but also lower average variation than OL-SO-5/7. 

Table 29 gives the average variation for the combined sequences 
on each section of OL-S-62 (see fig. 40 B). In OL-S-62 there is 
not the consistency from section to section as in OL-SO-57; the 
range is far greater. The first four sections have values greater 
than the average for the tree. Sections T-5 to T-12 have values less 
than the average, whereas T-13 to T-15 have much greater values. 
Except for the upper three sections, no part of the trunk exhibits 
a distinct advantage over any other part. Tree OL-S-62 resembles 
OL-SO-57 in that the highest average differences are found in the 
lower (about 16 to 18 feet) portion of the trunk. 

In tree OL-S-62 the three radii, as plotted on figure 41 A, differ 
less among themselves than do the three radii of OL-SO-57. The 
southwest and southeast radii have nearly identical means; the north 
radius has a mean of 35.6 percent. The greatest difference among the 
radii is 1.3 percent, which compares with 0.8 percent for OL-B-42 
and 2.2 for OL-SO-57. Although the average variation on each radius 
of all three trees is high, the three radii of each tree resemble each 
other rather closely in the separate trees. 

Average variation for the trunk as a whole (combined sections) 
is 35.1 percent, which contrasts with 41.4 percent for OL-SO-57 
and 45.5 percent for OL-B-42. The north radius here as in the 
other two trees has the lowest average variation. 

Average departure from mean variation.—Figure 41 B shows the 
average departure from mean variation for all sections along three 
radii of OL-S-62 in relation to the mean along a particular radius. 
Direction of departure from average is identical on T-4, T-6, T-9 
to T-11, T-13, and T-14; near identity on T-1, T-3, T-5, T-7, T-8, 
and T-12; and opposite in direction on T-2 and T-15. On T-2 the 
north radius is opposed to the other two, and on T-15 it is the 
southwest radius. 

Table 28 gives the average departure from mean variation for 
each radius on each section. If we disregard sections T-2, T-14, and 
T-15, the three radii on any one of the sections differ very little 
from each other, ranging from a low of 0.6 percent on T-11 toa 
high of 2.6 percent on T-6 and 2.9 percent on T-13. The range of 
differences from one section to another on OL-SO-57 is more than 
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Fic. 41.—Circuit uniformity, OL-S-62, three radii, all sections T-1 to T-15. 


Upper series shows average variation and lower shows average departure from 
mean variation. 


50 percent greater than on OL-S-62. Insofar as the trunk of OL-S-62 
is concerned, there is marked uniformity among the radii of each 
section except for the two upper sections. 
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Summary figures for the average departure from mean variation 
on individual sections appear in table 29. Here, as in OL-SO-5/7, 
the differences of the sections from the tree mean are lowest toward 
the base of the trunk, slightly higher at mid-tree, followed by sev- 
eral sections of low differences, and highest of all near the top. The 
basal section almost exactly equals the mean for the trunk; there 
is little to choose from among the different parts of the tree except 
for the upper 12 to 16 feet. 


TABLE 30.—Summary of circuit uniformity, trunk of OL-S-62 


Average 
Average Maximum departure 
growth-layer difference Average Average from mean Circuit 
thickness 3 radii departure variation variation agreement 

Section mm. mm. fo fo fo lo 
A Ecol LS) eben 0.74 0.04 46 51 25 88 
pT A eects ye ss 0.48 0.06 45 46 31 74 
AR CSLUS UN eh a 0.64 0.24 36 40 27 65 
[Ra Asia an ese eee 0.86 0.11 34 34 22 77 
ART ingen 8 ee Ri 0.90 0.13 34 33 20 79 
ARS) ie ave eo 1.04 0.38 32 34 20 81 
One es, abt 0.36 31 30 18 78 
Gmc ek put irs 1.14 0.16 31 33 20 84 
Ba Jane Re L088 1.08 0.04 34 32 20 78 
TH Ge ee eee 1.03 0.31 37 31 19 73 
pipe Si Meniee ele cc 1.11 0.17 37 33 20 77 
Ae Re a ana ie na 0.99 0.23 38 38 22 84 
peste ee ee 0.97 0.13 37 38 22 82 
ADEA en aaa 0.94 0.11 39 37 22 77 
IDE) We ete Serta 0.95 0.25 36 37 21 75 
Average* .... 0.997 0.195 35.8 35.1 20.9 78 


Average growth-layer thickness 
for each radius 
mim. 


INE Se em 1.03 
SHE es ce scaie 1.03 
SANE rare 0.93 


* See note to table 10, page 46. 


Figure 41 B indicates that the average departure from mean vari- 
ation for the three radii taken as units is nearly identical for the 
north and southwest radii (21.6 and 22.5 percent) and somewhat 
higher for the southeast radius (22.8 percent). The percentages 
for the three radii are lower than those of the three in OL-SO-57, 
which are lower than those in OL-B-42. 

For the trunk as a unit, average departure from mean variation 
is 20.9 percent (table 29) which contrasts with 26.2 percent for 
OL-SO-57 and 29.1 percent for OL-B-42. 
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Summary.—Generalized averages for sections and for the trunk 
as represented by 15 sections are set forth in table 30. Tree aver- 
ages as given in this table allow for the progressively fewer growth 
layers in the upper sections. Average growth-layer thickness for 
OL-S-62 is 0.997 mm. and the average maximum difference among 
the three radii is 0.195 mm., by far the least difference of any one 
of the trees. On the average, the thickest portions of the growth 
layers occur on the north and southeast radii (1.03 mm. each) and 
the least thick on the southwest radius (0.93 mm.). The growth 
layers on the three radii of OL-S-62 possess much more nearly the 
same thicknesses than do those of OL-SO-57. Average circuit 
agreement or trend uniformity is 78 percent for all sections together. 
For the tree as a unit, average departure comes to 35.8 percent, 


TABLE 31.—Summary comparison of trunks of OL-B-42, OL-SO-3/, 


and OL-S-62 

OL-B-42 OL-SO-57 OL-S-62 
Average growth-layer thickness, mm.......... 0.88 0.957 0.997 
Maximum difference among 3 radii, mm....... 0.296 0.412 0.195 
Average departure: Go. ee- -noe ee eet ee ee ee 56.8 49.9 35.8 
Average variation, Go). tenac kc cics moe ceils ee 45.5 41.4 35.1 
Average departure from mean variation, %... 29.1 26.2 20.9 
Cincuitagreementio--hi one ee eee 80 79 78 


average variation 35.1 percent, and average departure from mean 
variation 20.9 percent. 

If we extend table 22 into table 31, the three trees can be readily 
compared. Average thicknesses are greater in OL-S-62 than in 
either of the other two trees. Average departure, average variation, 
and average departure from mean variation are distinctly lower 
than for OL-SO-57; in fact, they are farther removed from 
OL-SO-57 than OL-SO-57 is from OL-B-42. 

These three parameters are shown for each radius for each sec- 
tion in summary fashion on figure 42. In general, the trunk shows 
a high degree of consistency except for the upper three sections. 
The lower trunk for some 14 to 16 feet exceeds slightly the average 
value of the parameters, whereas mid-trunk equals or falls below the 
average. A comparison of figures 42 and 31 brings out the higher 
degree of uniformity in OL-S-62 as well as the closer resemblance 
among the three parameters of OL-S-62 than among those of 
OL-SO-57. 

Figure 43 shows the three parameters plotted by decades for 
sections T-2, T-6, and T-9. Fluctuations are not so well marked as 
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in the graphs of figure 32 for OL-SO-57. The high percentage in 
average departure of decade 1820 in OL-SO-57 does not show in 
OL-S-62; T-2 of OL-S-62 has a high point on 1770 and T-6 on 
1790. Both of these sections have highs on 1920, and all three, in- 
cluding T-9, have highs on 1900. A low point exists at decade 1800 
in OL-S-62 for average departure, average variation, and average 
departure from mean variation; it also exists in OL-SO-57 for aver- 
age variation and is suggested for average departure from mean 


Fic. 42—Columnar summary of the three parameters average departure, aver- 
age variation, and average departure from mean variation for three radii of all 
sections, OL-S-62. 


variation. A low point falls on decade 1880 in OL-S-62, very de- 
cidedly for average departure (T-2 and T-6), for average variation 
(all three sections), and suggestively for average departure from 
mean variation. In OL-SO-57 the low point of 1880 shows up only 
for average variation; in fact, it is a high point for average depar- 
ture. We may conclude from a study of figures 32 and 43 that there 
is a fair degree of coincidence in peaks and troughs among the three 
radii of the different trees. However, the graph of one section does 
not in detail represent the record of the other two sections in any 
one tree. If the graphs were merged, certain peaks and troughs 
would be eliminated or drastically subdued. We are thus given the 
problem as to which section or which merged record gives us the 
most valid picture of growth fluctuations, or cycles. 
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Fic. 43.—Circuit uniformity by decades, OL-S-62, sections T-2, T-6, and 
T-9. Graphs for the three parameters average departure, average variation, 
and average departure from mean variation. 
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In comparing figures 32 and 43, it is evident that the parameter 
values for sections at comparable heights in the trunks are consider- 
ably less in OL-S-62 than in OL-SO-57. 

Figure 44 contrasts possible changes in uniformity, or conversely 
opposed trends, between the two time intervals 1841-1880 and 1906- 
1945. Uniformity is distinctly less during the interval 1906-1945— 
opposed trends are more numerous. This is especially true in T-1. 
Except for T-4, opposed trends, 1841-1880, are fairly uniform 
among the sections. Tree OL-S-62 emphasizes the probability, as do 


Aqreement Ez 1841-80 Reversals 


ESI 006-45 a 


Fic. 44.—Comparison of circuit agreement on eight sections of OL-S-62 for 
the time intervals 1841-1880 and 1906-1945. 


OL-B-42 and OL-SO-5/7, that the impact of a certain growth factor, 
or factors, changed between the intervals 1841-1880 and 1906-1945. 


SUMMARY COMPARISON OF THE THREE TREES 


Thicknesses and trend.—General graphs for the three trees 
OL-B-42, OL-SO-57, and OL-S-62 are plotted in figure 45. The 
graph of OL-B-42 has the greatest average amplitude and OL-S-62 
the least. Very probably OL-B-42 and OL-SO-57 have greater 
similarity than either one has with OL-S-62, though points of simi- 
larity in respect to crests or troughs exist between any set of two. 
Figure 45 reveals long-term swings in the thicknesses of growth 
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layers, centering about 1690, 1720, 1745, 1760, 1795, 1825, 1868, 
1895, and 1915. 

The three graphs not only do not fluctuate by similar amounts, 
but also do not move in unison in the same direction. Their trends 
are in agreement 66 percent of the time (table 32). A comparison 


TABLE 32.—Summary table of opposed trends for the trunks of OL-B-42, 
OL-SO-57, and OL-S-62, and for certain sections at base, at nud-tree, 
and near the top 


Onroad trends 
MlInecmtReesncCOSetMer (CHOLVEATS)|\. hide seals ce os sc co teviweiese oe 34 
Section) -2 of threes trees (248) years) . 26... 8c cece dene nee et 38 
Section 26 /((7'-5) of OL-SO-57) (188 years) 622s... .550.0005-se 38 
Section) £-9 1¢1-8 of OL-SO-57): (128 years) 2... c. ee ece cases eos 46 


of the sections at the bases of the three trees, at mid-tree, and near 
the top is made on figures 46, 47, and 48. Figure 46 shows that the 
fluctuations in growth-layer thicknesses of OL-SO-57 exceed those 
of the other two trees. This does not follow the fluctuations among 
the three entire trees as shown on figure 45, where OL-B-42 has the 
greatest fluctuations. The same appears to hold true to a limited ex- 
tent at mid-tree (fig. 47) and is doubtful higher up the trunk (fig. 
48). In the lower trunks as shown by the three sections the per- 
centage of opposed trends is 38 (table 32) ; at mid-tree it is 38; and 
near the top it is 46. A comparison of any specific location among 


TABLE 33.—Summary comparison of opposed trends for each pair of trunks, and 
for lower, mid, and upper trunks, of OL-B-42, OL-SO-57, and OL-S-62 


T-6 T-9 
T-5 (OL-SO- T-8 (OL-SO- Entire trunk 
SZ) =e 57) 


ee (12 Sea 

OL-B-42 vs. OL-SO-57..... 26 24 31 22 
(254 gls.*) (188 els.) (114 gels.) (278 gls.) 

OL-B-42 vs. OL-S-62 ..... 24 24 37 22 
(252 gls.) (133 gls.) (273 gls.) 

OL-SO-57 vs. OL-S-62 ..... 27 30 25 26 
(252 gls.) (114 gls.) (273 gls.) 


? gis. = growth layers. 


the three trees gives a greater number of trend reversals than does 
a comparison among the three trees as units. 

Each tree was compared with each of the other two trees as units 
and at certain locations within the trunks (table 33). The compari- 
son of the two trees OL-B-42 and OL-SO-57 yields a higher per- 
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centage of agreement than does either of the other two combinations 
of trees. Other comparisons for different portions of the trunk yield 
mixed results from which no general conclusions can be drawn ex- 
cept that the upper trunks perhaps have somewhat less agreement 
than the mid and lower trunks. This is well shown in figure 49. 
The foregoing results have been based upon average thicknesses 


OL-S-62 


War ae 4 5 6 8 9 0 W 2 8 4 I 
sections 

Fic. 49.—Graphs of circuit uniformity by section for the three trees OL-B-42, 
OL-SO-57, and OL-S-62. 


for radius, section, or trunk. If we construct data from each lo- 
cality within the tree and build up to the entire tree, the results fall 
short of those given above. The interval 1700 to 1947 is used. In tree 
OL-B-42, 47.6 percent of the years show agreement throughout the 
trunk as represented by 10 sections; this means that 52.4 percent 
of the years show disagreement, or reversal, in growth-layer thick- 
ness relationships from one year to the next somewhere within the 
trunk. Tree OL-SO-57 (10 sections) possesses 51.6 percent agree- 
ment, and OL-S-62 (12 sections) possesses 46.4 percent. If we 
compare the three trees year by year simultaneously, we find that 31 
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percent of the years have reversals in one tree only, that 29 percent 
of the years have reversals in two trees, that 22 percent of the years 
have reversals in the three trees at the same time, and that 18 per- 
cent of the years have no reversals anywhere in any of the three 
trees. The 31 percent of the years with reversals in one tree only 
are distributed as follows: 11.3 percent in OL-B-42, 9.3 percent in 
OL-SO-57, and 10.5 percent in OL-S-62. Thus one may seriously 
doubt that a single growth layer maintains entirely uniform relation- 
ships with adjacent growth layers throughout its areal extent. 


TasLe 34.—Summary comparison of growth-layer thicknesses for all radii of 
each of the three trees 


North radius, mm. Southeast radius, mm. Southwest radius, mm. 
coo, 

{oa} n Yn Q 77) V2 is) n n 

, =) re) re] ~) * re) a) a) =) 

Section e) o) (o) (eo) ° (2) ° (e) ° 
os a a a eeu O50 vO:SE sereu O62 0:45 weal tenO508 0:45 
EDEMS i SB ise oes 0.34 0.67 0.55 0.26 0.77 0.79 0.26 0.73 0.57 
“IRES) ZA ae eee 0.73 0.87 0.92 0.44 1.05 0.84 0.47 0.79 0.81 
BT sity ass 0.79 0.85 0.98 0.82 1.15 0.88 0.96 0.83 0.85 
VO ese aes 0.94 1.27 1.23 0.86 0.62 1.03 0.57. 0.82 0.85 
MreOr ise Mey 0.89 1.17 0.97 0.52 0.76 1.33 0.63 0.80 1.02 
aS) Aaciyes 1.06 1.24 1.24 0.59 0.70 1.10 0.76 0.76 1.08 
Rea oe 0.98 1.16 1.10 0.68 1.09 1.06 0.72 0.84 1.08 
Mice yn. Wass 0.96 112 1.24 0.72 0.78 0.93 0.88 0.86 0.93 
TS ee aes 104 120 1.01 0.86 0.90 1.13 0.93 0.76 1.18 
AEC Gi Ais ent 1.11 1.29 0.90 0.85 0.92 1.13 0.89 0.92 0.94 
Tso aia Pa PLO 1801 0.94 0.92 1.02 0.79 0.87 0.89 
TELA eee 1.10 1.23 1.00 0.77 0.86 0.94 0.96 0.84 0.89 
INS) ane eae ee 12. 1.29 51:01 0.85 0.71 1.04 1.07 081 0.79 

Average * .. 1.03 1.20 1.03 0.771 0.851 1.03 0.848 0.830 0.930 


* See note to table 10, page 46. 


Skeleton plots of the three trees are shown on figure 50. With 
more and more radii merged into a plot for the entire tree, the re- 
semblance to the O’Leary Standard becomes greater. Local differ- 
ences within the tree are subdued or eliminated. During some years, 
as around 1830, OL-B-42 appears to depart farther from the 
Standard than do the other two trees; during other years, 1715-16, 
1761, and 1900, the three trees resemble each other more closely than 
they do the Standard. It seems clear that general tree records re- 
semble each other more closely than do local radii within a tree or 
between two or more trees. 

Growth-layer thicknesses—Table 34 presents a summary of 
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growth-layer thicknesses. Among the three trees as units, OL-B-42 
has minimum thickness of 0.880 mm., and OL-S-62 has a maximum 
of 0.997 mm. This relationship does not hold among the aver- 
ages for the three radii except for the southeast radius. Where the 
radial averages are separated into sections (table 34), the southeast 
radius has seven sections with the same thickness relation as that 
of the trunks as a whole, whereas the north radius has but three 
sections. It would seem that the north radius is to be avoided if only 
one radius from a tree is available and that approximately mid-tree 
is to be preferred if a complete cross section is available. Table 34 
reveals rather clearly the superiority of volume as a measure of 
growth response in the xylem of a tree. The averages of each sec- 
tion for the three trunks from table 34 are shown in figure 51. 

In connection with trend agreements and disagreements it is of 
interest to analyze the decadal graphs on figure 52. Certain agree- 
ments are apparent to the eye, especially if the figure is held at an 
acute angle with the line of vision. Overall agreement in trend among 
the three trees is 52 percent; OL-B-42 vs. OL-SO-57 has 63 per- 
cent agreement; OL-B-42 vs. OL-S-62 has 74 percent; and OL- 
SO-57 vs. OL-S-62 has 67 percent. These values exceed those of 
individual growth-layer averages (table 33). 

Average departure—Information concerning average departures 
on successive sections for the three trunks for three radii and for 
the trunks as a whole is found in table 35. For the trunks aver- 
aged as units, average departure for OL-B-42 is 56.8 percent; for 
OL-SO-57, 49.9 percent ; and for OL-S-62, 35.8 percent (table 31). 
Tree averages for the three radii have the same mutual relationships 
as do the averages for the trunks as units; that is, OL-B-42 has the 
highest percentage of departure on each radius and OL-S-62 the 
lowest. More sections of the three trunks possess the same relations 
along the north radius than along the other two radii. The south- 
west radius shows the most sections with mixed relations. In fact, 
seven sections on the southwest radius have reversed relations; the 
southeast radius has five sections so reversed; and the north radius 
has two sections, T-11 and T-12. Considering entire sections of the 
three trunks, five sections do not show the relationships that char- 
acterize the trunks as a whole. Thus, insofar as average departure 
is concerned, a section taken from the lower half of a trunk is more 
representative of the trunk as a whole than one taken from mid- 
trunk or upper trunk. 

Average departures section by section of the three trunks are il- 
lustrated on figure 53. In OL-B-42 and OL-SO-57 wide differences 
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Fic. 51.—Graphic portrayal of average growth-layer thickness for each sec- 
tion of the three trees OL-B-42, OL-SO-57, and OL-S-62. 


2 00 
Fic. 52.—Graphs of decade averages of growth-layer thicknesses for the three 


trees OL-B-42, OL-SO-57, and OL-S-62. Based on average mean measurements 
for entire tree by decade. 
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from the mean occur above sections T-8. The lower 25 to 30 feet 
of the trunks maintain a rather uniform degree of departure. Trunk 
OL-S-62 possesses not only the lowest average departure but also 
maintains the most uniform amount of departure. 

Average variation.—Table 36 summarizes data concerning all sec- 
tions of the three trunks on three radii. Tree averages for com- 
bined sections bear the same relationship to each other as they do in 


TABLE 35.—Summary comparison of average departure for all radii of 
each of the three trees 


North radius, % Southeast radius, % Southwest radius, % 
ee, 

SC Samer Sia oe sey ee 

bie a) A a & A a 

: el J =) = =) =] =) | 

Section ve) fe) fe) O° fo) fe) fe) ‘) ° 
Ab ae se Se gic PAK RS SEY / 32.2 42.0 ee aoe 590 
Pal S pes se... 37.6 32.4 340 34.1 320 43.9 30.8 41.8 35.9 
Tet ea cece. 41.1 260 33.9 BSE SEIN) Blas) 38.4 243 35.4 
(8S) tp a ee 41.1 29.5 33.0 38.4 33.0 35.6 32a Sie oO 
Bes 1 i eee 62.6 460 29.9 69.5 41.1 35.8 64.4 41.2 34.7 
Rel AN. hae 76.9 58.4 32.4 71.8 58.1 30.6 TZ SO 3453 
2 tet ae eee 74.2 629 33.0 594 548 31.5 6025/5613! ) S12 
Eee) lst en 60.0 57.1 35.0 6497 1) S725 oe.0 550m SOOM Moses 
MRO Bees 60.4 54.7 38.3 56.9 548 39.0 SOMOS On Hel 
Me URES Wc 6s) 54.3 51.9 378 52:6) 50.9) 37.0 52:76 54:3 39:8 
ee et eee 56:59) S03)! 37:7 51.6 50.1 43.0 55.9 47.6 41.5 
Bat. Mis are:% BSs5msole2 ss 35.5 54.2 514 36.9 53.8 49.6 39.4 
Maal. 2, S80) S18) 38.7 58.7 48.0 39.8 56.8 50.8 41.3 
TRE) Uk eae 64.2 55.6 38.3 64.0 483 428 65:3! | 525 ° 43:3 
Average * .. 60.3 52.7 36.2 57.5 50.4 38.0 573m Sey 30:0 


* See note to table 10, page 46. 


average departure, which is the reverse of growth-layer thicknesses. 
Average variation for OL-B-42 is 45.5 percent; for OL-SO-5/, 
41.4 percent ; and for OL-S-62, 35.1 percent (table 31). Tree aver- 
ages for the three radii have the same mutual relations as do the 
averages for the trunks as units; that is, OL-B-42 has the highest 
percentage of average variation on each radius and OL-S-62 has 
the lowest. 

These mutual relationships among the three trees on separate 
radii and on merged radii as shown by the trunk averages and by 
the radial averages do not hold strictly on all individual sections, 
T-1 to T-13, although the changes are neither so numerous nor so 
striking as are the average departures. In the averages for sections, 
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T-5 has the highest percentage of average variation in OL-SO-57 
(table 38) ; all other sections follow the relationships present in the 
trunks as units. On the north radius, T-11 has a higher percentage 
of average variation in OL-S-62 than in OL-SO-57, OL-B-42 still 
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Fic. 53.—Graphs of average departure by section for the three trees OL-B-42, 
OL-SO-57, and OL-S-62. 


being the highest by far of the three trunks. The southeast radius 
has more sections out of line with the general relationships than do 
either of the other two radii. On T-3 of the southeast radius, the 
average variation of OL-SO-57 is slightly higher than that of 
OL-B-42; on T-5 and T-8 the same holds true but to a higher de- 
gree; and on T-12 and T-13, average variation of OL-S-62 is higher 
than that of OL-SO-57, but both are smaller than that of OL-B-42. 
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The lower parts of the trunk give the average record for varia- 
tion, the north and southwest radii are superior to the southeast, and 
a full section greatly exceeds in value any one part of a section or 
a single radius. 

Figure 54 shows the average variation section by section for the 
three trunks. In contrast with the comparable graphs of average 
departure (fig. 53), these bear a striking resemblance to each other 
in general form, differing only in detail and in trunk average. 


TaBLe 36.—Summary comparison of average vartation for all radi of 
each of the three trees 


North radius, % Southeast radius, % Southwest radius, % 
| ee aa 

Se ee eine Sy Ss os 

i, a SB a 

4 = | ) = 4 = 4 wi 

Section ‘) ) o) ‘o) co) o) fo) e) fo) 
lah ee eae oe AOA Oe ... 39.3 44.4 Wey MSc O90) 
MeV SP events ct 55.8 42.2 42.0 47.9 35.8 43.9 43.0 46.3 388 
RST ZR, Sraaliie 46.2 39.3 33.0 ATV2 S79 30:2, Ag. SO os! 
AE ea SOM ol Or 33.6 492 36.1 33.0 40.8 379 348 
ARN Sais Geaiale AGIZ S327) 0:7, 41.2 39.0 35.2 39.2 33.4 35.4 
OTN Ree 43.6 37.0 30.9 45:9 43.55. 30:7 440 40.1 33.3 
“Bho Vea Aa 43.3 41.6 33.9 459 462 344 48.9 440 33.0 
STi ice 440 39.6 33.1 45.9 43.8 33.2 454 392 348 
DERG) WN Ate SOOM 43:00 310 48.7 43.6 35.3 45.3 43.0 32.1 
UG) A area 468 43.3 35.8 A289 45:77 33:5 ADT “473. 833.5 
Ce Naira ene 45.0 41.5 41.0 ASO) 43:32 Ss) 46.7 43.8 39.3 
T-3 ....... 461 43.1 39.4 45.0 45.2 40.9 49.6 43.7 39.9 
Ai A 46.6 43.2 36.3 S320 43.70 A016 48.1 44.7 39.0 
ADE Lay ae te 51.3 449 38.9 57.9 47.7 38.2 52.2 441 40.3 


mwverace *) 4. 46:9!) 42.1 35.6 47.7 44.3 36.9 473 43.2 368 


* See note to table 10, page 46. 


Average departure from mean variation—Material having to do 
with this phase of the work is found in table 37. The same relation- 
ships, OL-B-42 highest and OL-S-62 lowest, hold for the parameter 
of average departure from mean variation as for the previously de- 
scribed parameters; OL-B-42 has an average departure from 
mean variation of 29.1 percent, OL-SO-57 of 26.2 percent, and 
OL-S-62 of 20.9 percent (table 31). In all trunk averages, OL-B-42 
and OL-SO-57 are closer to each other than to OL-S-62. 

Among the section averages, OL-SO-57 either equals or exceeds 
OL-B-42 on T-5 and T-8; OL-S-62 exceeds OL-SO-57 on T-10, 
T-11, and T-13 (table 38). On the north radius abnormal relation- 
ships exist between OL-SO-57 and OL-S-62 only at the levels of 
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T-11 to T-13. The southwest radius has abnormal relationships on 
T-5 and on the four sections T-10 to T-13 near the top of the trunk. 
Of the lower 13 sections of the southeast radius, 7 do not show 
normal relationships. 

The evidence for uniformity in average departure from mean vari- 
ation parallels that from which conclusions were drawn under aver- 
age variation. These are: That the lower parts of the trunks give 


TABLE 37.—Summary comparison of average departure from mean variation of 
each of the three trees 


BREAD ee 8 SOOMNZ7T Aes 
Talia cae: 337i 2G 
Average* .. 29.9 26.4 


North radius, % Southeast radius, % Southwest radius, % 
oF 
~~ ~ ~ 

Se WG eke SU at as oy Lomas 

ar) Yn 4 ry n 2 ar ee ee 

Section 5 5 6 5 5 5 6 5 3 
Malas cwtinc wate) Oe as (34:3 20.6 22.9 27.3 Posed 
Dea SU en 42.6 256 278 PELE AUS" Vale7/ 18.8 245 278 
Tad 2e eves 30.0 20.8 22.4 26.6 25.8 23.0 2320 23:8 
Teli. ken 310 186 21.2 28.0 19.8 21.8 290), 26:5, 2105 
BalOpy eyeers 29.9 195 187 30.1 219 21.4 Zils AS.6F PZlel 
oS Ue BRE Zsher | TASES) 30.7 26.7 189 32.4 249 21.0 
DeSiewweahe Reha Peed PAY (ASIAN NWA ZALES) 29:8 9 26:8 7196 
Da/ ip wicteess 28.6 25.5 20.1 29.7 29.8 19.3 28:3... 246 92127) 
TG paces arcs 2D Zi ee Oy BOG SU) 28.3) 22:2 2915.9 28:5 e202 
Teens’. comiaey 29.4 24.2 22.1 27.3 309 20.1 28:8. 31-7 920:8 
a4 ie eh ewe 27.9 20:3 ee O 27.9 283 25.1 SUS, 23:0 cou 
Tessie) eae, AS Gy ZA 27.4 286 23.3 S85 28:1) 923:8 
20.8 24.1 
22.3 23.3 
21.6 22.5 


* See note to table 10, page 46. 


the most generalized record of growth, that the north and south- 
west radii are superior to the southeast, and that, in general, a full 
section greatly exceeds in value any one part of a section or a single 
radius. 

Figure 54 shows average departure from mean variation section 
by section for the three trunks. These graphs do not resemble each 
other to the same degree as do those of average departure; they 
differ in general form, in detailed trends, and in trunk averages. All 
three show the greatest fluctuation from the trunk mean in the 
upper parts of the trunks. 

Representative values for growth-layer characteristics, or parame- 
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ters, as yielded by the three trees may be summarized as follows 
with respect to location within the trunks: 


Highest trend agreement................ Lower trunk and mid-trunk. 

Growth-layer thicknesses ............... Southeast and southwest radii; mid- 
trunk. 

Wenattunencads vas cht. soln asa eioeces ee North radius; lower trunk. 

WESTER USI) C1 Cha Ss OS RRL ERS Ce TERE TRAE Southwest and north radii; lower 
trunk 

Average departure from mean variation..Southwest and north radii; lower 
trunk. 
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Fic. 54.—Graphs of average variation and average departure from mean varia- 
tion by section for the three trees OL-B-42, OL-SO-57, and OL-S-62. 
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In further summary of the four parameters—average growth- 
layer thickness, average departure, average variation, and average 
departure from mean variation—tree OL-B-42 has the thinnest aver- 
age growth layers and the highest values for the other three parame- 
ters, OL-S-62 has the thickest average growth layers and the lowest 
values for the other three parameters, and OL-SO-57 falls in the 
intermediate position (table 31). 

Mean sensitivity—Mean sensitivity is found by dividing the dif- 
ference between each two successive growth-layer thicknesses by 
their mean. This parameter gives a measure of relative fluctuation 
in growth-layer thicknesses. The more variable are the thicknesses 
of the growth layers on a sequence, the higher the numerical value 
of the mean sensitivity whose limiting upper value is two when a 
growth layer is zero in thickness. 

Only section T-1 of the three trunks was analyzed for mean 
sensitivity. For OL-B-42, the parameter is 0.659; for OL-SO-5/7, 
it is 0.563; and for OL-S-62, it is 0.438. These three figures indi- 
cate that the sectional record of T-1 in OL-B-42 is most variable, 
whereas that of OL-S-62 is the most uniform, a relationship ap- 
parently holding for three of the previously considered parameters. 

Table 38 presents in summary form the data of previous tables as 
well as the percentages of circuit agreement. 

Table 39 presents the matter of trend agreement in a more critical 
fashion than heretofore. Percentages in column A are based upon 
millimeter measures, on average thickness of each growth layer for 
the trunk or section specified, and on the direction of growth. For 
66 percent of the years the direction of growth (either increase or 
decrease) is identical within the three trees. Percentages in column B 
are based upon the presence or absence of trend uniformity. A re- 
versal in one tree or section for a certain year decreases the per- 
centage of agreement or uniformity, whereas a reversal in all trees 
or sections increases the percentage of agreement. For instance, for 
34 percent of the years no reversals occurred anywhere within the 
trunks of the three trees; in other words, for 66 percent of the years 
reversals occurred somewhere within the materials specified. Thus 
considered, the percentages in column B are surprisingly high. 


BRANCHES OF TREE OL-B-42 


Branch 1 emerged from the south side of the trunk between sec- 
tions T-4 and T-5, some 18 feet above ground; it was the east mem- 
ber of a branch that forked 8 inches out from the trunk. Branch 2 
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emerged from the west side of the trunk between sections T-7 and 
T-8, 30.5 feet above ground. The lower branch was 16 feet long, 
the upper one 12 feet. 

Sections taken from the two branches of OL-B-42 could not be 
dated in terms of the OL chronology which was used in all other 


TABLE 39.—Trend agreements, on two bases, for the three trunks and for certain 
sections in the three trunks. Trend agreements are based upon overall 
growth-layer averages and upon detailed sequences throughout the extent 
of the materials specified. Column A is based upon average thicknesses of 
growth layers in certain trunks or sections. Column B is based upon um- 
formity of trend within all sections of the trunks or along all radii within 
certain sections 


A , Percent of consistency 
Percent of agreement in in trend throughout the 


direction of growth trunk or section 

Average: 

Sitrees together (275) gis) eae eee ae 66 34 

OL-B-42 vs. OL-SO-57 (278 gls.)......... 78 58 

OL-SO-57 vs. OL-S-62 (273 gls.)......... 74 59 

OL-B-42 vs. OL-S-62 (273 gls.)........... 78 60 
Section T-2: 

Jitrees together, (248) els); aiacceeeee ceo: 62 55 

OL-B-42 vs. OL-SO-57 (248 gls.)......... 76 70 

OL-SO-57 vs. OL-S-62 (248 gls.)......... 73 70 

OL-B-42 vs. OL-S-62 (248 gls.)........... 76 70 
Sections T-5 and T-6: 

3 treesitogether (GSS els) aneeee eee ee 62 55 

OL-B-42 vs. OL-SO-57 (188 gls.)......... 76 72 

OL-SO-57 vs. OL-S-62 (188 gls.)......... 70 68 

OL-B-42 vs. OL-S-62 (188 gls.)........... 76 70 
Sections T-8 and T-9: 

3 trees together (128 gls.)........5...00..- 54 55 

OL-B-42 vs. OL-SO-57 (114 gls.)......... 69 70 

OL-SO-57 vs. OL-S-62 (114 gls.)......... ih) 71 

OL-B-42 vs. OL-S-62 (133 gls.)........... 63 64 


analyses. These branch sections displayed an excessive amount of 
variability, lenticularity, and so-called absence. The number of rela- 
tively thin layers interspersed between layers of normal thickness was 
so great that thin layers were no longer diagnostic landmarks in a 
chronological sequence. It was not possible to observe the character- 
istic number of growth layers that usually separate diagnostic layers. 
Partial layer rested upon partial layer so that all conception of 
chronology was lost. The distal sections showed the above charac- 
teristics to a greater extent than those sections cut closer to the trunk. 
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It does not seem proper to label the growth pattern in the branches 
as erratic. Rather it would appear that the response to the factors 
which cause fluctuations in the growth increment is recorded to a 
greater degree in the branches than in the trunk, particularly in the 
extreme lower forest border region where greater variability and 
narrow growth layers are the rule. In this marginal area where mini- 
mal conditions for existence obtain, the growth increments indicate 
that the activity of the cambium is critically affected. In this locality 
perhaps the trunk portrays a generalized history of the tree and in- 
dicates an average or mean of the growth factors from all the 
branches. Where trees do not grow under far less than optimum 
conditions, this difference is not so important. It would seem, then, 
that these branches do not necessarily imply a failure of consistency 
of growth pattern, but rather that it is our failure to understand 
exactly what the cambium in each branch has done in its response 
to minimal conditions. 


BRANCHES OF TREE OL-SO-57 


Branch 1 emerged from the south side of the trunk between sec- 
tions T-5 and T-6, 25 feet above ground; Branch 2 emerged on the 
south side between T-9 and T-10, 44 feet above ground. 

The approximate positions of the three measured radii are shown 
on figure 62 (p. 134), and the radii are designated down, up-west, 
and up-east. It was to be expected that the growth layers would be 
at their maximum thickness around the circuit on the down radius. 

Table 5 (p. 29) gives data concerning the positions of the branch 
sections and the number of growth layers in each section. 

Absolute thickness ——The combined growth-layer measures of each 
of the two branches are compared with the general graph for the 
trunk of OL-SO-57 on figure 55. It must be noted that the graphs 
are plotted on a millimeter scale; the average for OL-SO-57 trunk 
is 0.957 mm., for Branch 1, 0.41 mm., and for Branch 2, 0.53 mm. 
If the graphs were plotted on a percentage basis, the fluctuations of 
trunk and branches would bear a much greater resemblance to each 
other than they appear to have in their present forms. On the whole, 
the three graphs do have a striking resemblance, crests and troughs 
having a high degree of incidence. The branches seem to be as inti- 
mately related to each other as they are to the trunk. In fact, the 
branches resemble the trunk to as great a degree as do the various 
parts of the trunk to each other, 
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In Branch 1, 64 percent of the growth layers on the combined 
sections had their thickest parts on the down radius (table 40), 14 
percent on the up-east, and 19 percent on the up-west. In Branch 2, 
68 percent of the growth layers had their thickest portions on the 
down radius, 23 percent on the up-east, and 9 percent on the up-west. 
Percentages do not total 100 in Branch 1 because of missing growth 
layers. 


TABLE 40.—Percentage occurrence of thickest portions of growth layers on 
three radu for each branch section, OL-SO-57 


Section Down Up-east Up-west Missing 
% % % To 

SAMIR BRR A 505 stared 62.19 19.15 12.80 5.48 
Moo] Bai 5 Ge lois Aen Eee 75.00 8.87 12.90 3.22 
NEC's Goth e Ce eRe Eee 70.27 8.10 20.72 0.90 
SID) Beeches ee AE tO een 54.63 13.40 30.92 1.03 
llelah> 6 Soon Soe E are 54.92 25.35 16.90 2.81 
TARY GS Allee a a S5a17) 10.34 34.48 
2 NG ati iis ie alisha 50.74 40.29 8.95 
2h] 8) tI er tele taes  ayER 84.61 9.61 5.76 
CAA) es coesache ity Secure eee aE 64.70 14.70 20.58 
2251) SA Bey ce a 84.61 153 3.84 
aa asd Eee ets cyclo | os fis, 60.00 33.33 6.66 
Average *: 

BraTehy Weutecsze & ole 64 14 19 3 

Branch uc. ses ur oe 68 23 9 ae 


* See note to table 10, page 46. 


Table 41 gives detailed data concerning the two branches of 
OL-SO-5/7. 

Relative thickness and trend—Uniformity of trend around the 
circuit on all radii combined for both branches is as follows, in per- 
centage (see fig. 59 D, p. 130): 


MeN et tas: Uhgeak gat WIPECHORE elas volo. on1G 
Branchwleereseee SOM ZOE ea Os OS 75 83i88 BOs tc. sis 
IBrancheceneeee ae TOWN OG eLOUR AL. Wahe P Cae 77 ee tte ae SO) 


The inner portions of the branches approximate the uniformity of 
the contiguous sections of the trunk. Outward on the branches the 
uniformity decreases. Values in the above table in general exceed 
those of OL-S-62. 

Consistency in relative thicknesses as measured by trend uni- 
formity does not differ too drastically in the branches from that of 
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the trunk itself or of its various sections if comparative area is con- 
sidered. A summation of the total number of years with so-called 
reversals in thickness relationships existing at any place in the area 
of the growth layers comes out as follows: 


1784-1947 (164 years) 1881-1947 (67 years) 
Trunk (10 sections). .91 reversals, 55.5%  Trurk ........ 41 reversals, 61.2% 
Branch ali steeacnos. 67 reversals, 40.9% . Branch 2 ..... 29 reversals, 43.3% 
BOC) ccptdihcn Bae EE ne S2ireversalsyst9-59o7 as) ee: 17 reversals, 25.4% 
1G! a ee 36 reversals, 22.0% T-10 (1888)...12 reversals, 20.0% 


The trunk, with its greater number of sections and larger visible 
area for study, shows a greater tendency to reversal than do the 
branches. 

Branch 1 and the trunk sections considered together over a span 
of 164 years have 83 separate years when reversals occur on one or 
the other. Of these reversals, 18 are common to all three; 32 re- 
versals are exclusively on the branch; 5 reversals are common to the 
branch and to section T-5; 12 reversals are common to the branch 
and to section T-6; 7 reversals are exclusively on T-5; 4 reversals 
are exclusively on T-6; and 5 reversals are common to both T-5 and 
T-6. 

Branch 2 compared after the same fashion with T-9 and T-10 
reveals more reversals unique to the branch. Few reversals are 
unique to the trunk sections singly or together. It seems clear that 
the branches show greater nonconformity with contiguous portions 
of the trunk than do portions of the trunk among themselves and 
that the branch higher up on the trunk possesses greater noncon- 
formity, or greater variability in thickness relations, than does the 
lower branch. If we view these results in the light of the total num- 
ber of reversals in trunk or branches, we may conclude that the 
branches are not so prone to reversal as the trunk but are less uni- 
form and less consistent in the particular years bearing the reversals. 

A higher degree of similarity stands out vividly in the right-hand 
column of table 42. At the same time the table shows that the trunk 
or its sections have a somewhat greater uniformity than do either 
of the branches. 

The foregoing discussion refers to uniformity within trunk, branch, 
or section and carries no strict comparison from one to the other. 
In contrast, table 43 gives trend comparisons in percentage between 
branches and trunk and between branches and the trunk sections 
nearest to them. 
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In table 43, a disagreement anywhere on the circuit, as shown 
by the known radii, has been counted as a reversal for the section; 
a disagreement on a certain year on any section has been counted as 


TABLE 42,—Summary data for trunk and branches of OL-SO-57: Thickness tu 
mm.; average departure, average variation, average departure from 
mean variation, and circuit agreement in percent 


Average 
Average Maximum departure Circuit * 
growth-layer difference Average Average frommean  agree- 
thickness 3 radii departure variation variation ment 
Section mm, mm. % %o % 
OL-SO-57: 
AD a brel aN a 0.957 0.412 49.9 41.4 26.2 79 
Branch aly eencere 0.414 0.258 56.2 48.5 30.7 75 
Branche2 i eae 0.528 0.150 41.9 38.4 21.9 77 
Seem D5) sates 0.95 0.44 51 45 28 83 
See. er Oy eis wears 0.92 0.34 54 41 28 80 
Branchigey iia 0.41 0.26 56 48 31 75 
See Ml Oyriaa. ak 0.91 0.41 56 38 23 79 
Secuh-l Oj aerecee 0.90 0.65 42 34 19 80 
Branch Zu aoe 0.53 0.15 42 38 22 77 


* Based on thickness measures. 


Tasie 43.—Uniformity of trend around the circuit in trunk and branches of 


OL-SO-57 

% 

Branch #liivseeSy arid’ de-One ae eek ae ee ee nae ee 49 
tevssiat-5 (below Branchiil) a. nee eee ee 52 

Ivsy 4-6) (aboyesbranchel)) eat) ae eee eee 54 

Branch: 2ivsjoh=9),and YrslOn ssaheactos aie eles yee eae gas 43 
Zivs. 2-9 (below: Branch 2) ie. cusses sel ey aera 45 

2 We Wal (owe Iran Z) occococccnbasubeccusceec 48 
Drunicavswmeranchwleanderatclhiyceee eee te 61 
Drvunle vse ranches vet Wie Nee ese A ER ead A pa 71 
Trunk vss Branch Zee alate ee reels eVect eee eee eta 68 
Branch? vsiBranch 2035. 12. oat Mone SR Og Siete ce 65 


(Figures given represent the percentage of years when thickness relations 
remain the same throughout the area of the growth layers examined. A single 
reversal anywhere on a section or on any section decreases directly the per- 
centage of agreement.) 


a reversal for the group of sections or for the trunk or branch, as the 
case may be. Perhaps it should be pointed out that a trend agree- 
ment which reveals a reversal anywhere within section or trunk 
differs from, and commonly falls short of, a trend based directly 
upon average growth-layer thicknesses of section or trunk. The two 
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branches, some 17 feet apart on the trunk, agree with each other by 
65 percent. This is fairly high agreement if one considers 
the factors involved; it means that in 35 percent of the years dis- 
agreement exists somewhere within one or the other of the branches. 
In the case of both branches, agreement between branch and the trunk 
section just above the place of branch emergence is slightly higher 
than between branch and the trunk section just below. Table 43 
indicates that approximately half the growth layers reverse their 
thickness relationships somewhere on the area of the growth layers 
examined. 

A graphic display of trend reversals by years for all branch sec- 
tions (fig. 56) shows no recognizable pattern. If we disregard sec- 


Fic. 56.—Lack of circuit uniformity around each section, both branches of 
OL-SO-57. A shaded rectangle indicates a trend disagreement, or reversal, in 
relative thicknesses between growth layers somewhere on the circuit, as repre- 
sented by measured radii, of the particular section. 


tion 1-F, the years with opposed trends on two consecutive sections 
of Branch 1 number 16 out of 123 years; on three consecutive sec- 
tions, 2 out of 110 years; on four, 5 out of 96 years; on five, 3 out 
of 72 years. Opposed trends isolated on one section out of three on 
Branch 1 number 19 out of 110 years; on one out of four, 18 out 
of 96 years; on one out of five, 18 out of 72 years. These figures 
emphasize the localization of reversals. In the first four sections 
of Branch 1, 96 years, there are 49 years bearing no reversal in any 
section ; in the first five sections, 72 years, there are 27 years bear- 
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ing no reversal in any section. If the sections are considered singly, 
opposed trends come out as follows: 


To Jo 
DA oc nion ecaehs one 19.7 Lcd D iv araantaanare Hina 26.0 
1B ee Oe ee 20.5 AGS iinet ales ae 37.5 
1-C S aee e 23.6 


The inner portion of the branch, therefore, has fewer reversals 
than the mid or outer part. 

Examples of opposed trends isolated on one section of Branch 2 
are not cited because the sequences are too short to be of great 
significance. 

Figure 57 compares skeleton plots of OL-SO-5/7 with its two 
branches. The similarities are striking, and one can say with some 
justification that the branches agree better with their trunk than some 
of the trunk sections agree among themselves or the trunk does to 
the regional standard. However, the branches appear to be more 
delicate recorders than the trunk in that more growth layers are 
relatively thin. 

In the two branches the strictly diagnostic growth layers main- 
tain relationships to adjacent growth layers except for the following 
cases in Branch 1: 1927 is thicker than 1928 on 1-B; 1913 is thicker 
than 1914 on 1-C; 1900 is thicker than 1901 on all sections; and 
1845 is thicker than 1846 on all sections. 

Growth-layer thicknesses —The left-hand portion of table 41 details 
growth-layer thicknesses on the radii of all sections for both branches. 
The down radius on each section of each branch and on the average 
contains the thickest portions of the growth layers. In Branch 1 
the up-west radius (both branches emerged on the south side of 
the trunk) equals or exceeds the up-east radius on all sections and 
the average except one, section 1-D. In Branch 2 the up-east radius 
equals or exceeds the up-west radius in thickness of growth layers 
for all sections and the average. 

Average depariure.—Figure 58 gives the average departures of the 
various branch sections along three radii from the mean of the par- 
ticular radius on both branches. These departures contrast with those 
for the trunk shown in figure 28. With the exception of Branch 1, 
B to E, the departures section by section appear to exceed those of 
the trunk. 

Average departure for each radius on each section of both branches 
is given on table 41. In Branch 1, the least differences around the 
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circuit are on both the outermost section and the innermost two. 
All values are high in comparison to the trunk except for section 1-F. 
In Branch 2, the outermost section also has the least difference in 
average departure around the circuit, but here the innermost section 
has the highest difference. Differences in Branch 2 are much less 
than in Branch 1. 


Fic. 58.—Columnar diagrams, three radii all sections of both branches, OL- 
SO-57, to show average departure from the radius mean. Above the mean to 
the right and below to the left of the vertical mean line. 


Table 44 sets forth the average departures for the branch sections 
as units. On Branch 1 the section averages are lower than the mean 
for all sections except the inner two; on Branch 2 the two inner and 
the outer sections are higher than the mean. These departures are 
shown on figure 59 A. A comparison with figure 29 (the trunk of 
OL-SO-57) indicates little in common except that the outer part of 
Branch 1 has low average departure in much the same fashion as 
does the upper part of the trunk. Sections T-5 and T-6 have higher 
than normal average departure for the trunk as a whole, and Branch 1 
likewise has average departure higher than the trunk. Sections T-9 
and T-10 and Branch 2 have lower than normal average departure 
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for the trunk as a whole. Thus a slight relationship exists between 
a branch and the portion of the trunk in the immediate vicinity of 
the branch emergence. 

Average departure for Branch 1 is 56.2 percent and for Branch 2, 
41.9 percent. These figures compare favorably with the trunk whose 
average departure is 49.9 percent. 

Average variation.—Sectional variations along three radii from 
the mean of each radius are plotted on figure 60 for the two branches. 


TaBLe 44.—Circuit uniformity, branches of OL-SO-57. Sectional averages of 
thickness, departure, variation, departure from mean variation, 
and circuit agreement 


Average 

Average departure Trend Trend Circuit 

growth-layer Average Average frommean agree- disagree- agree- 

thickness departure variation variation ments ments ment 
Section mm. % % % No. No. fo 
eA eee alti 0.38 66.0 S7el 36.2 132 32 80 
PSB 0.46 56.5 51.5 31.0 98 25 79 
ie Cr one aeee 0.46 53.4 49.3 28.7 84 26 77 
1) DW eteriersees 0.40 52.9 41.0 24.8 71 25 74 
Jel Sal ees 0.33 51.8 38.7 30.7 45 27 62 
Le ye ese ee 0.50 34.1 31.9 22.9 19 9 68 
DaAG  eeye tie eo 0.51 46.9 42.7 23.0 53 14 76 
218} Meee ee 0.52 46.8 39.5 22.9 38 13 75 
73 Cele ety ea 0.64 31.8 31.6 17.0 26 8 76 
DD Penis on: 0.51 31.3 31.0 22.6 20 6 77 
42) eat aie 0.41 44.3 40.5 22.8 10 4 72 

Average *: 

Branch 1.. 0.414 56.2 48.5 30.7 ae ie 75 
Branch 2.. 0.528 41.9 38.4 21.9 aoe ike 77 


* See note to table 10, page 46. 


For Branch 1, the graphs have the same general form; the inner- 
most section possesses the highest variations and the outermost the 
lowest. Sections B and C do not bear uniform relationships to their 
respective radius means. For Branch 2, the graphs do not have the 
same general form; the innermost section possesses the highest vari- 
ations on all three radii and the outermost section even higher on 
two radii. Sections B and E do not bear uniform relationships to 
their respective radius means. 

Table 41 gives the average variation for each radius of each sec- 
tion for both branches. Greatest differences of variation from radius 
to radius on a section exist on Branches 1-B and 2-E. These dii- 
ferences among radii appear to be somewhat greater in relation to 
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c 
Fic. 59.—Circuit uniformity, all sections both branches, OL-SO-57. Graphs 

of average departure (A), average variation (B), average departure from mean 

variation (C), trend agreement for both branches of OL-SO-57 (D). 
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the trunk in the immediate vicinity of the branch in the case of 
Branch 1 and slightly less in the case of Branch 2. 

Table 44 gives the average variations for the branch sections as 
units. On Branch 1 the inner three sections have average variations 
higher than the branch mean and the outer three have lower; on 
Branch 2 the two inner and the outer sections are higher. These 
relationships resemble those of average departure. Figure 59 B 
shows average variations for the sections. A comparison of this 
graph with that of figure 29 B for the trunk reveals a rather decided 
dissimilarity and also shows that the branches have a greater fluc- 


OL-SO-S5S7 — AVERAGE VARIATION 


Fic. 60.—Circuit uniformity in average variation, three radii both branches, 


OL-SO-57. . 


tuation from section to section than does the trunk. Sections T-5 and 
T-6 have average variations equal to or higher than normal; Branch 1 
has higher average variation than the normal for the trunk. Sec- 
tions T-9, T-10, and Branch 2 have average variation lower, than 
that of the trunk. Thus, the relationship between a branch and the 
portion of the trunk from which it emerges is the same for average 
variation as it is for average departure. 

Average variation. for Branch 1 is 48.5 percent and for Branch 2, 
38.4 percent. As in the case of average departure, the figures for 
average variation in the branches compare favorably with the aver- 
age of the trunk, 41.4 percent. 

_ Average departure from mean -variation. “piste: 61 gives ihe 
average departure. from. mean, variation: of. the three radii. from the 
respective radius means ‘for the’ two: ‘branches. . For. Branch. -1,. the 
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graphs have nearly identical forms, the differences being chiefly the 
relation of the radius to its mean on any one section. Section 1-A 
has the highest value and 1-F the lowest. For Branch 2, the graphs 
do not resemble each other to the extent that they do in Branch 1. 
Section 2-A has the highest value and 2-C the lowest, a condition 
different from that in Branch 1. Sections 1-B, 1-C, and 2-B possess 
values closer to the mean for the branch than do any of the other 
sections. In other words, a branch section taken somewhere be- 
tween 2 or 3 feet out from the trunk represents the entire branch 
insofar as average departure from mean variation is concerned. 
Table 41 gives the data upon which figure 61 is based—the data for 
each radius of each section for both branches. Greatest differences 


OL-SO-57——- AVERAGE DEPARTURE FROM MEAN VARIATION 
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Fic. 61.—Circuit uniformity in average departure from mean variation, three 
radii both branches, OL-SO-57. 


among the three radii of any one section come at the outer extremi- 
ties of the branches and near the inner portions. The inner sections 
have values closer to the branch mean than do the mid or outer sec- 
tions. Here, as in the case of average variation, branch values ap- 
pear to be somewhat greater than the values for the trunk sections 
in the immediate vicinity of the branch emergences. 

Average departure from mean variation for the branch sections 
as units is shown in table 44. In Branch 1, only the two inner sec- 
tions have values higher than the mean; in Branch 2, all except the 
middle section have values higher than the branch mean. These re- 
lationships resemble roughly those of average departure and average 
variation. Data from table 44 are shown on figure 59 C. The two 
graphs show little similarity to each other or for that matter little 
similarity to the graph for the trunk (fig. 29 C). Branch 1 resem- 
bles T-5 and T-6 in having an average higher than that of the trunk 
as a whole, whereas Branch 2, T-9, and T-10 have averages below 
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the trunk average. Thus, in this relation to the trunk, average de- 
parture, average variation, and average departure from mean vari- 
ation resemble each other. 

Average departure from mean variation for Branch 1 is 30.7 per- 
cent and for Branch 2, 21.9 percent. These figures compare with 
26.2 percent for the trunk as a whole. 

Summary.—Generalized averages for sections in each branch and 
for the branches as a whole are assembied in table 44 where the 
branch averages allow for the progressively fewer growth layers in 
the outer sections. The progression of values outward on both 
branches is worthy of note. 

Summary data for the two branches as units have been gathered 
into table 42, where they are compared with trunk data. Consistent 
with morphological relationships, growth-layer thicknesses average 
much less in the branches than in the trunk. Thicknesses in Branch 1 
average less than in Branch 2, but the trunk near Branch 1 aver- 
ages greater than it does near Branch 2. The maximum difference 
among the three radii of Branch 1 is greater than that of Branch 2 
but corresponds to an average thickness less than that of Branch 2. 
Higher values for Branch 1 accompany lower values in the adjacent 
trunk, whereas lower values for Branch 2 accompany higher values 
in the trunk sections where the branch emerges. 

Insofar as average departure, average variation, and average de- 
parture from mean variation are concerned, the relations of the 
values for the two branches are roughly maintained by the particular 
trunk sections nearest the branches. Circuit agreement in the 
branches is less than in the trunk as a whole or in sections adjacent 
to the branches. Branch 2 has a higher degree of uniformity (i.e., 
lower numerical values for the parameters) among its growth layers 
around the circuit than the trunk; Branch 1 has a lower degree of 
uniformity (i.e., higher numerical values for the parameters with the 
exception of circuit agreement) than the trunk. 

If the records of the two branches were combined and if the con- 
clusions drawn from this study could be applied to all branches, then 
the trunk could be considered to give us a generalized record com- 
bining the influence of all branches, each of which contains its own 
detailed record. 


BRANCHES OF TREE OL-S-62 


Branch 1 emerged from the southwest side of the trunk between 
sections T-6 and T-7, 27 feet above ground. Branch 2 emerged on 
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the northwest side between T-10 and T-11, 45 feet above ground. 

Figure 62 shows the position of the measured radii in the branches 
of OL-S-62 as well as in those of OL-SO-57. Because of the 
nature of growth in branches, the down radius in the case of OL- 
SO-57 branches carried growth-layer thicknesses at their maximum 
for the circuit. The positions of the radii have been changed 
for the branches of OL-S-62, zero degrees designating the up-radius, 
and 120 and 240 degrees the radii clockwise from 0 degrees as one 
faces outward on the branch. 

Data concerning the positions of the branch sections and the num- 
ber of growth layers in each are set forth in table 5. 

Absolute thickness—Figure 63 compares the general growth- 
layer thicknesses, in millimeters, of each of the two branches with 


OL-S0-57 OL-S-62 
Cob 


240 120° 


sown 
Fic. 62.—Position of measured radii in branches of OL-SO-57 and OL-S-62. 


the trunk. Details of the three graphs are fairly similar; general 
fluctuations are not quite so similar. There are instances where the 
_ two branches have coincident fluctuations that do not correspond 
with the trunk and other instances where one branch agrees with 
the trunk but not with the other branch. Overall agreement among 
the three graphs of OL-S-62 does not seem to be of as high an 
order as that of OL-SO-57. 

The thickest portions of growth layers are on the 120-degree radius 
for 38 percent of the cases and on the 240-degree radius for 45 per- 
cent. This leaves 13 percent for the cases in which the up-radius 
is thickest (table 45). Except for sections 1-F, 1-H, 2-A, and 2-D, 
the 240-degree radius has generally the thickest portions of growth 
layers. Table 45 shows the consistencies and inconsistencies in the 
position of the thickest portions of the growth layers. From section 
to section little change in percentage may occur on a particular radius, 
whereas elsewhere or on a different. radius the panes iy be by a 
high factor. 
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Table 45 shows clearly the value of a whole section, or more than 
one section if available, for a valid record of tree growth, at least 
in the habitat situation existing in the O’Leary region. 

Table 46 sets forth detailed data concerning the branches of 
OL-S-62. 


TABLE 45.—Percentage occurrence of thickest portions of growth layers on three 
radu for each branch section, OL-S-62 


0° 120° 240° Missing 
Section % lo fo % 
AP pot actslencioeeer ee 14.88 36.30 42.85 5.95 
TIESI BY SAN RESET Aer. 7.45 35.71 51.86 4.96 
SO sens ereceiome 10.85 38.27 46.34 4.51 
JIB) De sagieueba iat 5 18.34 35.97 42.80 2.87 
1S] Oa AEE 3 4.31 39.22 54.74 172 
IES CHR See tae Lt 21.50 50.53 25.80 25 
NEG setae ae 20.51 26.28 51.92 1.28 
IIE) Meee Sena vie AN) 8.18 45.45 6.36 
Zoe cs 8.82 48.23 42.94 
PS SIA a era ses A 4.10 48.83 52.05 
7A CAMO Tee BEI: Bae 41.07 58.92 
Za ave sa ee ete 64.58 17.70 17.70 
Average *: 
Branchiplaeeeeee 13 38 45 4 
BranchyZeeeeene 16 40 44 


* See note to table 10, page 46. 
Relative thickness and trend—Uniformity of trend around the 


circuit on all radii combined for both branches in percentage is as 
follows (see also fig. 67 D): 


Branch 


AB CD EER eG kl Vaveraze |) 1-6) 9-7) to) ett 
Branches 13) AOA 1 Se AZO AOA mol 73 EMR ese) Be 
Branchy2: ee aig. VA sy AO Wisi) Fine. 0) 165 63 Bis ese ein s)ele 72) 


Branch 1 has very nearly the same amount of uniformity around 
the circuit as the contiguous trunk sections, and Branch 2 does not. 
No section of Branch 1 has as great a uniformity as does T-7 ; how- 
ever, uniformity in the branch sections is nearly as great as, or 
greater than, in T-6. 

The uniformity in sections of Branch 2 is in all cases much less 
than in either T-10 or T-11. 
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A summation of the total number of years with so-called rever- 
sals in thickness for OL-S-62 and its parts comes out as follows: 


1781-1947 (167 years) 1864-1947 (84 years) 
Trunk (12 sections)..96 reversals, 57.5% Trunk ........ 50 reversals, 59.5% 
Branch lieers nee 98 reversals, 58.7% Branch 2 ..... 44 reversals, 52.4% 
i Deo NA or eR he f 44 reversals, 26.3%  T-10 ......... 19 reversals, 22.6% 
e717 S88) ee ae 37 reversals, 23.1% T-11 (1866)...17 reversals, 20.7% 


Here, in contrast to OL-SO-57, trunk and branches show nearly 
the same tendency toward reversal. No comparisons are involved. 
Over a period of 160 years Branch 1 shows 96 reversals (60 per- 


TaBLe 47.—Summary data for trunk and branches of OL-S-62: Thicknesses in 
mm.; average departure, average variation, average departure from 
mean variation, and circuit agreement in percent 


Average 

Average Maximum departure Circuit * 

growth-layer difference Average Average frommean  agree- 

i thickness 3 radii departure variation variation ment 

Section mm. mm. % % % 
OL-S-62: 

Brunk: Gaye 0.997 0.195 35.8 35.1 20.9 78 
Branchyely seoseee 0.341 0.097 44.0 46.1 Ziel 73 
Branchi2e oes 0.399 0.192 36.1 42.8 26.7 63 
Secl-Oues ees 1.03 0.31 37 31 19 73 
See -7 ca nese 1.08 0.04 34 32 20 78 
Branchiaee ae 0.34 0.10 44 46 28 73 
Sec: T-10) soc. b.8 1.04 0.38 32 34 20 82 
Secu mou ae: 0.90 0.13 34 33 20 79 
Branch eee 0.40 0.19 36 43 27 63 


* Based on thickness measures. 


cent) ; section T-6, 41 reversals (26 percent) ; and section T-7, 37 
reversals (23 percent). The branch and sections considered to- 
gether have 112 separate years when reversals occur on one or the 
other of them. Seventeen reversals are common to Branch 1 and 
sections T-6 and T-7; 55 reversals are exclusively on Branch 1; 10 
reversals are common to the branch and section T-6; 14 reversals 
are common to the branch and section T-7; 11 reversals are exclu- 
sively on T-6; no reversals are exclusively on T-7; and 5 reversals 
are common to both T-6 and T-7. Branch 2 gives comparable re- 
sults. Here, as in OL-SO-57, few reversals are unique to the trunk 
sections singly or together. Conclusions resemble those of OL-SO-5/, 

A summary of trends (table 47) emphasizes the fact that the 
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trunk or trunk sections do have a somewhat greater uniformity than 
the branches. 

A comparison of trends between branches, between branches and 
trunk, and between branches and adjacent trunk sections is set forth 
in table 48. Trends in the two branches, 18 feet apart, average 69 
percent, which is slightly higher than for the branches of OL-SO-57. 

Agreement between branches and trunk sections just above and 
below the branch emergences is mixed, not uniform as in OL-SO-57. 
In fact, agreement between Branch 1 and nearby sections in OL-S-62 
falls short to a marked degree of that in OL-SO-57, whereas 


TABLE 48.—Uniformity of trend around the circuit in trunk and branches of 


OL-S-62 

% 

BpanchialunySeivh Ox an didsy i rey alate: a (ete ern ie ela Mee on ee ie ah) gS 30 
livsul-On(belows branch ll) 7 ./syoc% > os Leettseneae.  « < 31 

MSs l=Gi(AbDOVemaTanenalyets, sce dies. 6 cues ome ae <ls od 36 
BEANChecnv sell Osan devil Oat ieee ene cy ee ke mec 38 
Zvse Ll07 (below eranch 2) ie). 00. iccae ones aes 43 

2S |: Cabove’ Branch) oe... cc cae eens cone 41 
snicnvs es rancholuandmbranchyceee eee year 59 
Sb UitalcanviSe sich t1G hulls romper Tey. kG Wie ys cu ls ela RIG i 66 
MinttakahvSMOE nancy Dey peter es eee a nies van hae nctetei elem: Actes 76 
ES Teari Chimay Seees GAC hye wey eee rapt sera a oie) pear en Ri RUIN Sig 69 


(Figures given represent the percentage of years when thickness relations re- 
main the same throughout the area of growth layers examined. A single reversal 
anywhere on a section or on any section decreases directly the percentage of 
agreement. ) 


Branch 2 and the contiguous trunk sections have nearly the same 
values. 

The branches of OL-S-62 show a greater consistency of reversal 
for consecutive sections (fig. 64) than did OL-SO-57 branches. 

If we consider years and sections to correspond to those used in 
figure 56 of OL-SO-57, results with OL-S-62 (fig. 64) may be 
compared. Years with opposed trends somewhere on two consecu- 
tive sections number 15 out of 123; on three consecutive sections, 
5 out of 123; on four, 6 out of 123; and on five, 3 out of 115. Op- 
posed trends isolated on one section out of three on Branch 1 num- 
ber 24 out of 123 years; on one out of four, 21 out of 123 years; 
and on one out of five, 17 out of 115 years. These figures empha- 
size, as in the case of OL-SO-5/, the localization of reversals. In 
the first four sections of Branch 1, 123 years, there are 64 years 
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bearing no reversal in any section, duplicating almost exactly the 
situation in OL-SO-57. In the first five sections of Branch 1 there 
are 51 years out of 115 bearing no reversal in any section, slightly 
more than in OL-SO-57. If the sections are considered singly, op- 
posed trends come out as follows (1825-1947) : 


To Yo 
halal ih hae a 26.0 1D icles HACER ne PR 26.0 
DAA I ns hilees susia 25.2 Fag ees nu, 2 pn 27.8 
HE Ge seh cicsateloinisielosii ots 19.5 


The inner portion of the branch does not have the advantage of 
lack of opposed trends as is the case in OL-SO-57. Reversals are 
more evenly scattered throughout the branch. 

Branch 2 has a record too short, it is thought, to lend itself to de- 
tailed analysis. 

Figure 65, the skeleton plots of OL-S-62 and its two branches, 
clearly shows how branches agree with each other and with their 
trunk in the matter of relative thicknesses of their growth layers. 
Agreement between branches does not appear to exceed agreement 
between one or both branches and the trunk. Fifteen growth layers 
receive attention on the branches and more on the trunk, whereas 
only three growth layers are marked on the trunk and not on either 
of the branches. 

A certain few of the diagnostic growth layers bear atypical re- 
lations to adjacent growth layers. In Branch 1: 1943 is thicker than 
1944 on A and B at 240 degrees; 1900 is thicker than 1901 almost 
throughout ; 1868 is thinner than 1867 on B at 120 and 240 degrees, 
on D at 0 degrees, on E at 240 degrees, and-on F on all three radii; 
1847 is thicker than 1846 or 1848 on D at 240 degrees; 1845 is 
thicker than 1846 on A at 240 degrees and on B at 120 degrees; 1818 
and 1819 reverse their relationships on C; and 1805 and 1806 reverse 
on A at 120 degrees and on B at 240 degrees. In Branch 2: 1943 
is thicker than 1944 on A and B at 120 degrees; 1900 is thicker than 
1901 on D on all three radii; and 1899 and 1900 reverse their relation- 
ships on B and C (the same is true on 1-E, F, and H). 

Growth-layer thicknesses——Table 46 gives details of growth-layer 
thicknesses on the three radii of all branch sections. In all cases the 
Q-degree radius averages the thinnest sequences with these excep- 
tions: Section 1-G at 120 degrees equals 0 degrees, and section 2-D 
at 120 and 240 degrees falls short of 0 degrees. A majority of sec- 
tions have thickest sequences on the 240-degree radius. Average 
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thickness for Branch 1 is 0.341 mm., and for Branch 2 is 0.399 mm. 
(table 49). 

Average departure —Figure 66 presents average departures of 
the branch sections along three radii from the mean of the particular 
radius for both branches. The contrast with the branches of OL- 
SO-57 (fig. 58) is striking. Fluctuations on either side of the radius 
mean are much subdued and, in addition, the averages are considerably 
less in the branches of OL-S-62. In Branch 1 of OL-SO-57, these 


TABLE 49.—Circuit uniformity, branches of OL-S-62. Sectional averages of 
thickness, departure, variation, departure from mean variation, 
and circuit agreement 


Average 
Average departure Trend Trend Circuit 
growth-layer Average Average frommean  agree- disagree- agree- 
thickness departure variation variation ments ments ment 

Section mm. % % % No. No. %o 

SAN ere SS ars 3 0.35 53.0 46.5 28.6 122 45 73 

IE] 5%e teatro cree 0.34 43.7 45.5 26.8 120 40 75 

1 OA ear as ie 0.34 45.8 49.3 30.6 118 36 77 

LSD) Ney es 0.34 43.9 48.4 27.5 103 35 75 

SR 0.35 42.7 478 29.5 84 31 73 

11) Sane Wh oi 0.38 37.8 42.9 21.7 70 22 76 

1-G okie 0.28 36.8 43.2 29.7 49 28 64 

ME AY ok 0.33 36.4 37:2 23.2 33 21 61 

Qa Ae pig :cic Nees 0.45 39.1 43.4 26.4 60 24 72 

7-3) Berney Oe 0.44 33.4 41.0 PAYS 45 27 62 

Ze Cee 0.37 38.4 46.8 29.7 38 17 55 

73S Oe ea 0.28 32.3 39.6 26.0 28 19 60 
Average *: 

Branch 1.. 0.341 44.0 46.1 27.7 see aoe 73 

Branch 2.. 0.399 36.1 42.8 26.7 aes ee 63 


* See note to table 10, page 46. 


averages are 64, 57, and 61 percent, whereas in Branch 1 of OL- 
S-62 they are 49, 45, and 48 percent. 

Table 46 gives the average departure of each radius on each sec- 
tion of both OL-S-62 branches. In Branch 1 the least differences 
around the circuit are on the inner two sections and the outer four; 
in Branch 2 only the third section has a high difference. Differences 
in Branch 2 are less than in Branch 1. In general, the differences 
around the circuit of the various sections are somewhat less than in 
the branches of OL-SO-57. 

Average departures for the branch sections as units and for the 
entire branches are set forth in table 49. In Branch 1 the outer 
four sections fall short of the branch average, whereas the inner 
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four alternate above or equal to the branch average; in Branch 2Z, 
sections B and D are below the average and A and C above. Figure 
67 A illustrates the data of table 49. Branch graphs resemble some- 
what the graph for the trunk, section by section, figure 40. Branch 1 
has a departure higher than that of the trunk and higher than either 
T-6 or T-7, although T-6 is higher than the trunk average. Branch 2 


Fic. 66.—Columnar diagrams, three radii all sections of both branches, OL- 
S-62, to show average departure from the radius mean. Above the mean to the 
right and below to the left of the vertical mean line. 


has a departure somewhat higher than the trunk average and also 
higher than either T-9 or T-10, both of which are considerably below 
average. In general form, the graphs of the two branches are nearly 
identical. 

Average departure for Branch 1 is 44 percent and for Branch 2, 
36.1 percent (table 49). These exceed average departure for the 
trunk, 35.8 percent, but not by any excessive amount (table 47). 

Average variation.—Figure 68 shows sectional variations from the 
mean of each radius along three radii for the branches of OL-S-€2. 
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Fic. 67.—Circuit uniformity, all sections both branches, OL-S-62. Graphs of average departure 


(A), average variation (B), average departure from mean variation (C), trend agreement for 
both branches of OL-S-62 (D). 


OL-S-62——— AVERAGE VARIATION 


oe 


mm TAV.ATS 


Fic. 68.—Circuit uniformity in average variation, three radii both branches, 
OL-S-62. 
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For Branch 1, the graphs for the radii at 0 and 240 degrees resemble 
each other closely. Sections with the highest variations are near 
mid-branch and those with lowest are at the inner or outer parts of 
the branch. The graph for the radius at 120 degrees shows little 
resemblance to the other two radii. Its highest values fall on sections 
1-A and I-D, its lowest on the outer four sections. For Branch 2, 
the graphs for the radii at O and 120 degrees bear a fair resemblance 
to each other; the graph for the radius at 240 degrees bears only a 
slight resemblance to the other two. 

Table 46 gives the data for the average variation of each radius of 
each section for both branches. Greatest differences of variation from 
radius to radius of a section fall on sections 1-A, 1-C, 1-E, and 2-C. 
Differences among the radii of the branches are greater than among 
the radii of the trunk sections adjacent to the branches. 

Table 49 sets forth average variations for the branch sections as 
units. The relationships from section to section are not quite so 
simple in the branches of OL-S-62 as they are in the branches of 
OL-SO-57. Sections 1-C, 1-D, and 1-E have values higher than the 
branch mean, the other sections have values lower. In Branch 2, 
sections A and C have values higher than the branch mean. Figure 
67 B shows section variations in the branches. Little or no re- 
semblance exists between these graphs and the graph for the trunk, 
figure 40 B. Fluctuation from section to section is no greater than 
it is in the trunk. The average variation of Branch 1 is greater than 
for trunk sections T-6 and T-7 (fig. 40 B) ; likewise, the average of 
Branch 2 is greater than for sections T-10 and T-11. 

Average variation for Branch 1 (46.1 percent) and for Branch 2 
(42.8 percent), table 49, exceeds the average for the trunk as a whole 
(35.1 percent), table 47. 

Average departure from mean variation —F igure 69 shows average 
departure from mean variation of the three radii from the respective 
radius means for the two branches of OL-S-62. There are certain 
points of similarity among the graphs. Those for radii at 0 and 240 
degrees of Branch 1 resemble each other closely except for the greater 
amplitude of the 240-degree graph. The graph for the 120-degree 
radius agrees with the other graphs only in the outer sections. In 
Branch 2, it is the graphs for the radii at 0 and 120 degrees which 
resemble each other except for a greater amplitude of the O-degree 
radius. Sections closest to the branch mean are not so uniformly 
placed as in the branches of OL-SO-57. In general, the two inner 
sections would combine near average values with greater length of 
record. 
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Table 46 and figure 69 give the data for each radius of each section 
for both branches. Greatest differences among the three radii of any 
one section fall on 1-C, 1-E, and 1-F, and secondarily on the inner 
two sections of Branch 1. In Branch 2, sections A and C possess 
marked differences among their three radii. More general state- 
ments cannot be made concerning average values from section to 
section as was done for the branches of OL-SO-57. 

Table 49 presents the average departures from mean variation for 
the branch sections of OL-S-62 as units. Here, as in average varia- 
tion, relationships are not simple. In Branch 1, sections B, F, and H 
have values below the branch mean; the remainder of the sections 
have values higher than the mean. In Branch 2, only section C has a 


OL-S-Ge AVERAGE DEPARTURE FROM MEAN VARIATION 


35) 


Fic. 69.—Circuit uniformity in average departure from mean variation, three 
radii both branches, OL-S-62. 


value higher than the branch mean. The data of table 49 for both 
branches are shown on figure 67 C. The graphs are almost identical, 
Branch 1 resembling the trunk (fig. 40) insofar as both have greatest 
fluctuations at their extremities. 

Average departure from mean variation for Branch 1 is 27.7 per- 
cent and for Branch 2, 26.7 percent (table 49). These figures are 
both higher than the trunk averages of 20.9 percent, a condition unlike 
that in the branches of OL-SO-57 (table 47). 

Summary.—Generalized averages for sections in each branch and 
for the branches as a whole are contained in table 49, where the 
branch averages allow for progressively fewer growth layers in the 
outer sections. 

Summary data for the two branches as units are compared with 
trunk data in table 47. Thicknesses in Branch 1 average less than in 
Branch 2, but the trunk sections near Branch 1 average greater than 
those near Branch 2. A maximum difference among the three radii 
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on Branch 1 is lower than that on Branch 2, which corresponds to the 
relationship between the averages of the pairs of sections in the 
trunk near the particular branches. 

Average departure, average variation, and average departure from 
mean variation (table 47) are greater than in the trunk; that is, 
the branches have higher numerical values and less uniformity. These 
same relationships hold between the branches and adjacent trunk sec- 
tions. As regards circuit agreement, branches fall short of the trunk 
as a whole or of the trunk sections adjacent to the branches. 

Table 50 carries general data for trees OL-SO-57 and OL-S-62 
and their four branches. Growth-layer thicknesses average greater 
in the trunk of OL-S-62 than in that of OL-SO-57, whereas in the 


TasBLe 50.—Summary data, for comparative purposes, for trunks and branches of 
OL-SO-57 and OL-S-62 


OL-SO-57, OL-S-62, OL-SO-57, OL-S-62, OL-SO-57, OL-S-62, 
trunk trunk Branch1 Branch1 Branch2 Branch 2 


Average growth-layer 

thickness, mm. ........ 0.957 0.997 0.414 0.341 0.528 0.399 
Average departure, %.... 49.9 35.8 56.2 44.0 41.9 36.1 
Average variation, %.... 41.4 35.1 48.5 46.1 38.4 42.8 
Average departure from 

mean variation, %..... 26.2 20.9 30.7 Zieh 21.9 26.7 
Circuit * agreement, %... 79 78 ihe) 73 77 63 


* Based on thickness measures. 


branches of OL-S-62 they average less than in those of OL-SO-5/. 
Numerical values for average departure, average variation, and 
average departure from mean variation in OL-S-62, trunk and 
branches, fall short of the averages for OL-SO-57 and its branches 
except for average variation and average departure from mean 
variation in Branch 2. Circuit agreement in all parts of OL-S-62 is 
less than in OL-SO-57. In general, OL-S-62 has more subdued 
fluctuations than does OL-SO-57. 

It seems clear from a study of table 47 and 48 that the lower 
branch has higher circuit agreement with the trunk as a unit than does 
the upper branch, and that the lower branch has slightly higher 
agreement with adjacent trunk sections. It seems equally clear that 
no one branch is a completely adequate substitute for the trunk, that 
no one section is a completely adequate substitute for a branch or a 
trunk, and that no one radius is identical with any other radius. The 
closing statement in the summary of OL-SO-57 branches concerning 
the generalized picture in the trunk and the possibly detailed picture 
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in the branches should perhaps be changed to read average picture, 
because the specific influence of a certain branch at certain times under 
particular conditions might neutralize rather than subdue or lessen the 
effect of other branches. From a percentage standpoint, branches 
possess less uniformity and greater fluctuations than the trunk. 


Vib VERRICAL UNTRORIMED y 


Vertical uniformity refers to the behavior of a growth layer 
throughout its extent lengthwise of the stem. Much information has 
already been included under circuit uniformity. 


TREE OL-B-42 


Absolute thickness —Average growth-layer thicknesses for sections 
T-1 to T-9 are plotted on figure 70. The uniformity from section to 
section from ground level well up into the crown is striking in the 
general view of the graphs; only details seem to be different. 

Three time intervals were selected in order to follow absolute 
thicknesses from ground level up to T-10; these intervals are 1845- 
1859, 1875-1884, and 1905-1914 for sectional thicknesses and for 
radial thicknesses at the southwest. Tables 51 A and 51 B show thick- 
ness variations from section T-1 to T-10. Certain years, it can be 
seen, are represented by widely scattered lenses. 

In table 51 A, the average of three radii for years 1845-1859, 
maximum and minimum thicknesses tend to cluster in the upper half 
of the trunk with two exceptions: For 1875-1884, maximum thick- 
nesses are rather evenly distributed, whereas minimum thicknesses 
tend to be in the lower half of the trunk; for 1905-1914, the upper 
half of the trunk contains twice the number of minima and maxima 
or more. Along the southwest radius, table 51 B (intermediate in 
average thickness among the three radii), for 1845-1859, maxima 
and minima are concentrated in the upper trunk with the exception of 
four minima in T-4 and T-1; for 1875-1884, more than half the 
maxima and minima fall in the lower half of the trunk; and for 1905- 
1914, four times as many maxima and minima fall in the upper half as 
in the lower half of the trunk. Thicknesses lengthwise of the trunk 
vary commonly by a factor of 2 and on certain years by as much as 
10, taken by trunk averages. Lengthwise along the southwest radius, 
thicknesses of individual growth layers vary by more than a factor 
of 2 and commonly by factors of 4, 5, 8, and 9. 

Relative thickness and trend—lIn spite of the high degree of 


150 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145 


growth-layer thicknesses, sections T-1 to T-9, OL-B-42. 
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visual similarity among the graphs of figure 70, the actual trend uni- 
formity comes out as 73.8 percent for the nine sections when the 
average sectional thicknesses of the growth layers are compared 
vertically. 

Table 52 shows the effect of vertical trend agreement between the 
averages of two sections and also the effect of adding more sections. 
Percentage of agreement decreases from 94 for 2 sections to 63 for 
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12 sections. Among the radii (table 53), the southwest radius has the 
highest vertical agreement, 63 percent, whereas the average of the 
three radii is 73 percent. The lower portion of the trunk, T-1 to T-5, 
has 83 percent agreement, and the upper portion, T-8 to T-13, has 75 
percent. 

More detailed data on trend agreements vertically in OL-B-42 
are given in table 54. In the case of 10 sections, 5 is the maximum 


TABLE 52.—Vertical uniformity, trunk of OL-B-42. Trend agreement with an 
increasing number of sections, based on average sectional thicknesses 
of the growth layers 


Comparison of: 


Percent 
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Taste 53.—Vertical uniformity, OL-B-42. Trend agreement for the three radii, 
the average of three radii, and lower, mid, and upper trunk 


Percent 

All sections (267 years) : 
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number of possible disagreements. The table shows clearly that dis- 
agreements in trend are localized; for instance, the greatest number 
of disagreements, or reversals, occur on one or two sections only. 
Out of 104 years in 10 sections, reversals occur in 5 sections on 
3 years on the north radius, 1 year on the southeast radius, and 2 
years on the southwest radius. This contrasts with the figures for 
reversals on 1 section out of 10: 17 on the north radius, 14 on the 
southeast radius, and 17 on the southwest radius. 

Specific years experiencing reversals of relative thicknesses where 
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TasLE 54.—Vertical uniformity, trunk of OL-B-42, Number and percentage of 
opposed trends on each of three radti using 10 and 6 to 8 sections 


North Southeast Southwest 
years % years % years % 
Out of 10 
sections (104 years) — 
Reversals on: 
Si SECHONSH Saeco en 3 2.9 1 1.0 Zz 1.9 
4 SECHONS ME Hee kee ee 9 8.6 6 57 7 6.7 
3 ‘sections’ 5). eseoaaee. 6 5.7 8 7.6 4 3.8 
ZUSECHIONS uA es are 12 ILS 1S 12.5 12 11.5 
1SECHON CH) Keteue heron: 17 16.3 14 13.5 ug 16.3 
Out of 6 to 8 
sections (218 years)— 
Reversals on: 
AASECHONS: cies sue aeoetees 6 ee 3 1.3 5 2.2 
SESECHONS Senne 11 5.0 17 77 10 4.5 
CESECHONSEEE Eee 25 11.4 22 10.0 26 11.9 
LSE CHOI Ari cis cee 30 IS} 7/ 39 17.9 25 11.4 


10 or 6 to 8 sections are considered for the three radii are listed 
as follows: 


Out of 10 sections (1844-1947)—104 years—north radius: 


Reversals on: 


5 sections 4 sections 3 sections 2 sections 1 section 
1846 1854 1850 1855 1852 
1921 1884 1875 1866 1853 
1935 1885 1912 1870 1856 

1895 1919 1873 1861 
1908 1929 1878 1864 
1909 1946 1882 1867 
1916 1889 1868 
1933 1892 1869 
1945 1901 1872 
1910 1876 

1911 1887 

1931 1890 

1898 

1900 

1907 

1920 

1939 


a 
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Out of 6 to 8 sections (1730-1947) *—218 years—north radius: 


Reversals on: 


4 sections 3 sections 2 sections 1 section 
1807 1768 1734 1732 
1809 1771 1744 1735 
1846 1801 1745 1737 
1884 1885 1759 1757 
1895 1908 1776 1760 
1916 1912 1777 1770 

1919 1781 1772 
1921 1782 1774 
1933 1803 1779 
1935 1819 1780 
1946 1827 1790 
1828 1792 

1830 1796 

1843 1797 

1854 1799 

1870 1810 

1873 1812 

1875 1817 

1882 1820 

1892 1826 

1901 1850 

1909 1853 

1929 1855 

1931 1867 

1945 1872 

1887 

1898 

1900 

1920 

1939 


* 8 sections, 1770——. 
7 sections, 1755——. 
6 sections, 1730——. 


Out of 10 sections (1844-1947 )—104 years—southeast radius: 


Reversals on: 


5 sections 4 sections 3 sections 2 sections 1 section 
1895 1846 1850 1868 1856 
1854 1875 1873 1867 
1884 1882 1878 1877 
1885 1887 1886 1890 
1889 1893 1891 1907 
1935 1929 1892 1911 
1933 1898 1912 
1938 1900 1916 
1908 1920 
1909 1921 
1910 1930 
1919 1932 
1931 1946 


1947 


1506 
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Out of 6 to 8 sections (1730-1947) *—218 years maximum—southeast radius: 


4 sections 


1841 
1884 
1895 


3 sections 


1732 
1737 
1768 
1790 
1792 
1796 
1809 
1820 
1826 
1846 
1850 
1854 
1882 
1889 
1929 
1933 
1935 


* 8 sections, 1770——. 
7 sections, 1755——. 
6 sections, 1730-——. 


Reversals on: 

2 sections 
1734 
1735 
1738 
1760 
1771 
1781 
1789 
1807 
1808 
1825 
1827 
1875 
1885 
1886 
1887 
1891 
1892 
1893 
1898 
1900 
1919 
1931 


1 section 


1744 
1759 
1767 
1770 
1772 
1773 
1774 
1775 
1776 
1780 
1782 
1786 
1797 
1799 
1803 
1804 
1805 
1806 
1811 
1814 
1819 
1833 
1843 
1856 
1867 


1873 
1890 
1908 
1909 
1910 
1911 
1912 
1916 
1920 
1930 
1932 
1938 
1946 
1947 


Out of 10 sections (1844-1947) —104 years—southwest radius: 


5 sections 


1875 
1919 


4 sections 


1846 
1850 
1854 
1868 
1885 
1911 
1938 


Reversals on: 
3 sections 
1884 
1892 
1908 
1912 


2 sections 


1882 
1886 
1887 
1893 
1900 
1907 
1910 
1921 
1929 
1933 
1935 
1946 


1 section 


1855 
1856 
1866 
1867 
1869 
1870 
1873 
1881 
1883 
1889 
1891 
1895 
1909 
1915 
1932 
1934 
1942 
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Out of 6 to 8 sections (1730-1947) *—218 years maximum—southwest radius: 


Reversals on: 


4 sections 3 sections 2 sections 1 section 
1774 1790 1732 1747 
1768 1796 1734 1760 
1777 1820 1738 1776 
1846 1830 1745 1782 
1875 1841 1759 1784 

1850 1775 1801 

1868 1797 1803 

1892 1807 1808 

1908 1809 1812 

1919 1819 1843 
1825 1867 
1826 1869 
1827 1870 
1828 1873 
1854 1881 
1884 1882 
1885 1891 
1886 1895 
1887 1900 
1893 1907 
1910 1915 
1911 1921 
1912 1934 
1929 1938 
1933 1946 
1935 


* 8 sections, 1770——. 
7 sections, 1755——_. 
6 sections, 1730——. 


Figure 71 gives details on the localization of reversals in time and 
in position in the trunk for the time interval 1800-1899. Out of 100 
years, 12 have reversals in relative thicknesses longitudinally on all 
three radii of one or more sections; 27 out of 100 have reversals 
on two radii of one or more sections; and 58 out of 100 have reversals 
on one radius of one or more sections. In the span 1800-1899 there 
are 39 years in which the trend in relative thicknesses is uniform 
throughout the trunk as represented by 8 to 10 sections. A significant 
fact appears from the reversals as shown on figure 71: growth layers 
considered to be strictly diagnostic do not appear on the figure. Table 
55 summarizes figures 71, 74, and 76. 

It is a matter of concern whether or not any annual increment 
maintains its relative thickness throughout the entire trunk. One 
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would not be surprised if 5 percent or less of the growth layers 
rigorously maintained their relative thicknesses. 

Total reversals on the lower nine sections of OL-B-42 on the three 
radii for 1800-1899 are: 


T-1 2 3 4 5 6 7 8 9 Total 
NOM bean wens 39° TOM 28) Za 277 29 Sh SO eZ2 70 
Percent) ce 13. '6:3%),9:3. 8) "92" 5:7 9:7 103), 19) 10) (average) 


faa & 
j2anana 
etl 
Ee} 
fea 


LAST a 


Fic. 71.—Location of specific reversals, or nonuniformity, by radius and by 
section, 1800-1899, in OL-B-42. 


Taste 55.—Vertical uniformity, trunks of OL-B-42, OL-SO-57, and OL-S-62, 
1800-1899. Number and percentage of opposed trends (or reversals) on one 
or more radi for 8 to 10 sections 


10 sections ki 
8-10 sections 


All 3 radii 2 radii 1 radius 7 = 

Tree years % years % years % Neue ie 4 
OW=B-42iee eee 12 1.3 27 5.6 58 15.7 39 39 
OL-SO-57 .... 11 1.4 Zi, 4.1 Ait 14.7 47 47 
O-S-62ieeeeee 15 ad} 25 6.9 48 14.7 45 45 


Percentages are based on 300 possibilities—100, the number of 
years, multiplied by 3, the number of radii. The basal section and 
the upper sections have the highest percentage of reversals, although 
this is not uniformly true. Because T-9 has only 98 years, the grand 
total of possibilities is 2,694; thus, 270 total reversals equals 10 per- 


OF ae 
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cent, or longitudinal agreement of 90 percent. This 90 percent verti- 
cal agreement in trend contrasts with the 80 percent of overall circuit 
agreement. Time spans of freedom from reversals center for the 8 to 
12 years around 1815, 1835, and 1861. 

Growth-layer thicknesses—Table 10 (p. 46) gives differences 
in growth-layer thicknesses along the trunk. Among sections T-1 
to T-11, no overall maximum occurs, though there are peaks on the 
north radius on T-1, T-4, T-8, and T-10; on the southeast radius on 
T-1, T-3, T-5, and T-10; on the southwest radius on T-1, T-5, 


TABLE 56.—Percentage of thick portions of growth layers on the three radii of 
all trunk sections of OL-B-42, OL-SO-57, and OL-S-62 


OL-B-42 OL-SO-57 OL-S-62 Missing gls. 
NOLO. Ne Seno NASB Ss We N.. SE. SW. 

Section % % % %o %o % % %o % Oi) We Se 
al One eee: 54.4 379 41 90.1 16 49 65.4 318 27 38 32 ... 
pa Oaeeieaa 65.6 11.2 17.0 77.9 11.2 8.5 YA OR Si Mo al i 
DEE Be ee 55.5 10.6 28.8 75.6 14.3 7.4 70.2 12.4 173 50 2.6 ... 
AR FEA a eas 70.8 11.5 13.9 51.6 38.4 92 37.5 31.9 304 3.6 06... 
DRE eee AN ARADO NOL2 2.0) (OO) cae 10S AAS Ll ee 
CES an eee SOS Om 2535) Ooe00 9:94 24x59) O:5) 134-0), 5055) 2:00 1.9) er 
eee ee 61.3 23.8 12.6 77.0 11.0 11.0 13.5 525 33.4 2.1 09 0.4 
MeSienisiereiars 76.4 151 56 748 17.9 63 41.7 44.0 13.7 28 08 04 
AREA eae 67.7 2.4 27.0 762 10.8 11.2 45.9 35.6 175 2.8 2.0 08 
“J RS Uae 58.0 9.8 30.4 844 56 86 504 419 72 16 12 04 


Average*).. 61.3 132 219 778 124 81 402 37.9 CUS occult | 0:2 


* See note to table 10, page 46. 


T-8, and T-11; and among the averages on Tele es andy melt: 
Absolute minimum among the first 11 sections does not occur among 
the three radii of the same section. In general, the lower four or 
five sections show the greatest average thickness. 

Table 56 shows the percentage of thick growth layers in the first 
10 sections of the three trees and supplements tables 10, 18, and 27. 
In tree OL-B-42, the thickest portions of growth layers occur most 
often on the north radius, the only exception being on T-6, where 
the southwest radius nearly equals the north. The north radius has 
61.3 percent of the thick portions of growth layers, the southwest, 
21.9, and the southeast, 13.2 percent. Figure 72 illustrates the re- 
lation of the thicknesses of the three radii of each section of the 
three trees. On all sections of OL-B-42, except T-6 and T-10, the 
area representing the north radius dominates. 
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Average departure, average variation, and average departure from 
mean variation have been dealt with under the heading of circuit 
uniformity. 
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Fic. 72.—Area graphs of growth-layer thicknesses on three radii for 10 sec- 
tions of OL-B-42, OL-SO-57, and OL-S-62. 


TREE OL-SO-57 


Absolute thickness—Figure 73 shows growth-layer thicknesses 
for sections T-1 to T-9. The overall similarity is striking; slight 
differences in detail occur from base of tree well up into the crown. 

As in tree OL-B-42, three time intervals, 1845-1859, 1875-1884, and 
1905-1914, were chosen and the thicknesses of corresponding growth 
layers arranged to show differences lengthwise of the trunk, tables 
57 A and 57 B. Within the range of dates, tree OL-B-42 had seven 
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years represented by scattered lenses, whereas tree OL-SO-57 had 
two. The average of three radii, tables 57 A and 58, for 1845-1859 
shows: Maximum thicknesses dominate the upper four sections 
and minimum thicknesses the lower four, although T-8 does have 


Fic. 73.—Vertical uniformity. Graphs of average growth-layer thicknesses, sections T-1 to T-9, OL-SO-57. 


“VOL. 145 


SMITHSONIAN MISCELLANEOUS COLLECTIONS 


162 


rat 
6S81 


Os 
£S 
oF 
7s 
6S 
69 
S9 
69 
e16l 


bb 
Ze 
ce 
Lv 
ve 
Wy 
oF 
6¢ 
€8st 
9¢ 
ev 
OF 
SV 
cb 
oF 
Ze 
Tv 


8S8T 


£S81 


cor 
eel 
OI 
Sel 
cot 
OZT 
09T 
621 
cr6r 


bp 
cr 
eV 
Lv 
cP 
9¢ 
A] 
ve 
Z88l 


£8 
9S8T 


ysl 
9ST 
19T 
cor 
681 
6£1 
vt 
Sec 
TL6t 


61 
vl 
6 
vl 
Ol 
cl 
A! 
6 
1881 


SOT 
60T 
6lT 
fOr 
81 
9cI 
Zel 
oIT 
Gost 


0881 


2 18 
bl 89 
68 v8 
06 82 
v8 s8 
86 £8 
£6 S6 
42) £8 


vS8T esst 


6281 


Sel 
Or 
OI 
cl 
ZOT 
[ral 
Sel 
6cl 
AT} 


Le 
Sts 
0¢ 
ve 
8Z 
6¢ 
Te 
ZI 


TS8t 


8Z8T 


vil 
10T 
LOT 
OT 
cel 
AI 
Tel 
ttt 
OS8t 


LL81 


v9l 
O€T 
eel 
6ST 
OZT 
col 
4 
cle 
6st 


9281 


OIL 
ell 
sil 
vel 
6ll 
cst 
vst 
AA 
8rst 


juardag UL “PT 6T-SO6T PUP “F8SI-SZ8T “6S8T-SPS8T S10asazut 40f Z6-OS-TO fo yuns, ayy ur 1p 


6 
8 
9 
Iz 
oT 
6c 
82 
£I 
Lest 


981 


09 

8 

OP 
Srst 


fool 
soul soll seal 


Be 
Be 


a 
Ge 


U01303S 


%01}09S 


Ds aasyy fo Sassauyouyy abvisap—vY lS TIavL 


163 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 


02 
€8 
cor 
éit 
TOT 
II 
26 
+9 
I6l 


29 
69 
bs 
89 
Ly 
Ss 
99 
es 
8ST 


8 
cl 
1, 
Te 
cl 
£72 
Le 


6S8T 


99 
c9 
A 
c9 
TS 
69 
6S 
ve 
eter 


bb 
8e 
62 
14 


ted 


Oc 
82 
ec 
9¢ 
Sst 


ey 
Sf 
6£ 
oF 
ee 
9S 
8e 
oF 


8S8T 


ai 


£S81 


sel 
Orl 
cel 
6ST 
Sst 


OST 
oct 
ZI61 


zsst 
£8 
66 
£6 
v8 
901 
98 
Ort 
66 
9S8I 


Sle 
Srl 
91d 
SE? 
821 
eZt 
esl 
pol 
TL6T 


12 
ae, 
6 
91 
cl 
6 


1881 


60T 
eel 
OTT 
901 
Tel 
821 
ert 
ert 
SS8T 


bl 
bl 
6 
6£ 
66 
101 
SIT 
£6 
ssl 


74 
9L 
v9 
6 
82 
vil 
vit 
€sst 


v6l 
8eT 
stl 
SST 
Orl 
cel 
est 
9c1 
606T 


8e 
cl 
ol 
Al 
IT 
Ol 
6 

6 
6281 


OIT 
£01 
orl 
IIT 
801 
SIT 
Ort 
9ZT 
AT} 


Sc 
8e 
02 
62 
8¢ 
Sv 
T€ 
104 


6bT 
oI 
cst 
LL 
A! 
821 
£91 
Lbl 
806T 


6¢ 
6V 
Se 
ey 
6¢ 
Be 
8e 
ve 
8481 


TS8T 


quarsag UW 
“PI6I-SO6T PUP ‘P$88T-SLET “6S8I-S#ST S]oasayut A0f Jo-OS-TO fo yunsy ays us smipos psamyynos ayz fo ssouyaiy) abossay—g /G AAV], 


TOT 
66 

vil 
86 

oll 
eel 
est 
est 
Osst 


LL81 


961 
eel 
Trl 
eer 
89T 
S61 
022 
62£ 
6v8T 


9281 


6c1 
Aut 
821 
Zit 
08 

Sol 
O8T 
Lee 
8st 


SI 
6t 
£ 

IT 
81 
ve 
S¢ 
0€ 

Lvst 


gp ccs 
OL ct sa 
of cc 
Beocctt 
gh oct 
i) ee 
mt 
OOl ttt 
S061 
6L 
Boo 
gg ct 
og ct 
bo 
99 ccc 
cg otttttt 
Ip oct 
SL81 
SP eZ 
Os TS 
Ob Is 
6¢ 104 
6 Lv 
$9 09 
9L v9 
v6 4 
9r8T SPST 


CE RREREE 


OnmromatTonea 


u01993S 


° 
i 


seat 
Soll sal seal Salon! 


POT 
Sal cao 


“W01308 


SD 
Sal Sell Sal ol ced sall salsa 


orm 


013085 


VOL. 145 


SMITHSONIAN MISCELLANEOUS COLLECTIONS 


164 


(S 9 O1) 
FEY JMO] “UI 

(JaMO] 

¢ ‘saddn 9) 

peynqiysip 
A[USAI “XeIT 


Gor) 

(Gres) 

peyngi4ysip 
ATUDAT 


‘Ul Z 
*xeUl Z 
yey JeMoT 
“UIU g 
*xeUl g 
:yyey isddy 


vI6T-SO6T 


See ee 


(ZS-OS) SnIpez “AS (Z9-S pue Zy-a) HPET “MS 


(y % OT) 
Jey Jomo] “UI 
(Z 94 Z) 
yey Joddn -xeyy 


(¢ 99 Z) 
Jey JoMO] “xeyy 


(Z 93 8) 
yey Joddn “ur 


(€ 04 Z) 
SEC eto OSU vIN 

(€  p) 
yey Joddn ‘xejy 


H88T-SZ8T 


(0 9 OT) 
Fey Jomo] “UIT 


(9 03 91) 
yey Joddn ‘xeyy 


(T % €T) 
FIeY JOMOT “Ul 

(Z 9% ZT) 
yyey Joddn ‘xe 


‘UI p 
yey JoMoT 
‘UI 6 
SSL IL 
>Jyey todd 


6S61-SP8T 


(¢ 0 8) 
AT) eSMOY, SELIM 

(1 9 Z) 
yey Joddn ‘xeyy 


(1 ©} 01) 
yey Jomo] “UI 


(0 % IT) 
yey Joddn ‘xey 


‘UIU ¢ 
*xXeul Z 
> yey JOMOT 
(Z % Z) 
yey Joddn payn 
-qiaysip AjUaAW 


FI61T-SO6T 


(I % TT) 
Jey TOMOT “UTIL 

(0 93 OT) 
yey Joddn ‘xeyy 


(1 9} 6) 
yey JoMoT “xXeyy 


(T 9} OT) 
yey Joddn ‘ulyy 


(1aMO] 

g ‘soddn Zz) 
qa) MOL UTI 

(4aMO] 

p ‘saddn p) 

paresis tS 
ApUsAa “Xey, 


P88I-SZ8T 


(0 % ZI) 
MAH CEM NL NIA 
(€ 9 81) 
yey Joddn -xepy******suonoes QT 
*29-S-10 
(0 © 01) 
FEY ToMOT UL 
(¢ 9 9T) 
yey soddn -xepy****** *suorjoas g 
*£S-OS-10 
(JaMo] 
Z 0} Z) (soddn 
OT 0} OL) pom 
-qisjsip AjusAq’*****suoToes QT 
*cb-d-TO 


6S8T-SPst 


————_—$—$—<———————————rrry One 


SISCIIAC SUOI}JIES 


aaupumop 4njnayang ayy fo amasxa 4aY410 ay} 07 uoNnjas ur “aq KoUs asva ay} SD “Dut 40 ‘DunxoU fo saqunu ayt aa1b 
sasayjuasDg Us Saunbiy “wpos acy, ay, BuowD aynripauiaazus Sr ssauyarys tahDj-4402046 abdsaan asoyar SnypDd4 au0 buojp pun abosaav 
UD 10 YUNA a10YM2 ay} Bu0jD sassauyaiy) LatD{-4jM046 wn pun wnunsoU fo uoKNgSIG ‘sarpnys Kyuusofuin 1091442 A—BG ATV L 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 165 


four minima and two maxima; for 1875-1884, minima dominate (10 
to 1) the upper sections and maxima dominate (9 to 1) the lower 
four sections; for 1905-1914, maxima dominate (11 to 0) the upper 
four sections and minima (10 to 1) the lower four, only T-5 failing 
to show either. These distributions contrast with those of OL-B-42 
(table 59) in that for OL-B-42 the first and third time intervals 
concentrate maxima and minima in the upper half of the trunk, 
whereas in OL-SO-57 maxima are concentrated in the upper half 
and minima in the lower half. 


Tas_e 59.—Vertical uniformity, trunk of OL-SO-57. Trend agreement with an 
increasing number of sections, based on average sectional thicknesses of 
the growth layers 


Percent 
Comparison of: 
ZESections (250) veats)) eta stilts ee erties 94 
SESECETONS CZSOsVEALS)) ite repei-en crete wtetelcietere eve cversiercie 85 
ATSECLIONSh (LAU VEALS) herseige wisrciiers Sistecar c, Srereialclors 81 
Susectionsu(cOO nears) ne ceee eae tee eee 80 
Ofsectionsu@l7Siyeans))omaaee cir naleeielseio oe 76 
MESCCHONS  OLOOM VATS) iors tisiereclocicic stele sia a sieiss oreo 73 
Sisections@ll4iveats) acs cieenceminds ee ae eee 76 
OFsectionse (94: years) ei fei sehenscslsienstayea LZ 
Ovsections (GO yeats))2:.):. 4 cis,215 «situates Reloets 64 
AMSECHIONSHCOSTY.CATS) sacs cere soee cise 55 
HZisections | CZ5;yEATS) iis ae ceoletele ete eie ae alae melee 60 
LSisectionsy CLG years) ccs se acces ucts skoetess ape cals 42 
HAt sections (GU vears issue ass Gate hrate wi clea i liva a 45 


Along the southeast radius (intermediate in average thickness 
among the three radii) of OL-SO-57 for 1845-1859, tables 57 B 
and 58 show: Maximum thicknesses dominate (17 to 2) the four 
upper sections, and minimum (13 to 1) dominate the lower four, 
with all sections having at least one minimum or maximum; for 
1875-1884, minima dominate (8 to 2) the four upper sections, and 
maxima (7 to 3) the four lower, only T-6 failing to carry either a 
minimum or maximum; and for 1905-1914, maxima and minima are 
uniformly distributed (5 to 5 and 5 to 5) between the upper and 
lower parts of the trunk, with sections T-3, T-5, and T-7 failing to 
show either a maximum or a minimum. These distributions along a 
single radius contrast with those of tree OL-B-42 (table 58). OL- 
SO-57 appears to have a more uniform distribution of thick and 
thin portions of growth layers throughout its trunk than does 
OL-B-42. 
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Thicknesses along the trunk (table 57) commonly vary by a fac- 
tor of 14 and on certain years by as much as 5 or 7, taken by trunk 
averages. Along the southeast radius, thicknesses commonly vary 
by a factor of 14 to 2 and individual growth layers by 3, 4, or 5. 
Overall differences in absolute thickness in OL-B-42 exceed those 
of OL-SO-57 even though average thickness throughout the trunk 
of OL-B-42 is less than in OL-SO-57. 

Relative thickness and trend.—A trend analysis of the graphs on 
figure 73 yields an agreement of 71.4 percent. Hence, the visual 
similarity among the graphs is greater than the actual. 

Trend agreements among an increasing number of sections be- 
ginning with the two lowest are given in table 59. Percentage of 
agreement decreases from 94 in a 2-section comparison to 55 for 
a comparison of 11 sections, a decrease more rapid and of a greater 
degree than in OL-B-42. 

Among the radii (table 60) the north radius has the highest ver- 


TABLE 60.—Vertical uniformity, OL-SO-57. Trend agreement for the three radii, 
the average of three radii, and lower, mid, and upper trunk 


Percent 

All sections (255 years) : 

North) radius) cienccncieeeeeneen a teen 68 

Southeast radius: Q.ciwicn seeheemeioee selene 66 

Southwest) radius. cee. bie Wea ere cee eee 62 

Average of 3iradine (i Lae eR a ee 75 
Average of 3 radii: 

Sections: 1-5) (255) years). sens hoees sero ecne 80 

Sections 5-9) (175) years) sche eee ee ne eine 85 

Sections 7-12 ((laiyears) ai 4 eis ieee wae 85 


tical agreement, 68 percent, and the southwest radius the lowest, 62 
percent, a condition exactly the opposite to that in OL-B-42 (table 
53). An average of the three radii (table 60) comes to 75 percent 
agreement. The lower trunk, T-1 to T-5, has a vertical trend agree- 
ment of 80 percent, whereas the upper, T-7 to T-12, has 85 percent, 
a situation the reverse of that in OL-B-42 (table 53). In OL- 
SO-57, the presence of Branch 1 does not decrease agreement, but 
section T-10, just above Branch 2, adds two years of disagreement 
to those found in T-1 to T-9. 

Table 61 gives more detailed information on trend disagreements 
longitudinally. In 10 sections, 5 is the maximum number of dis- 
agreements. It is clear that disagreements in trend, or reversals, 
are rather severely localized as they were in OL-B-42. Such locali- 
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zation is emphasized by comparing the number of reversals spread 
over five sections with the number on one section; also by compar- 
ing tables 60 and 61. 


TABLE 61.—Vertical uniformity, trunk of OL-SO-57. Number and percentage of 
opposed trends on each of three radu using 8 to 10 and 4 to 8 sections 


North Southeast Southwest 
I 

Out of 8 to 10 sections ed i nes ty see e 
(108 years) — 

Reversals on: 
SECHONS I ciacicidee ¢oanctcte 3 2.8 5 4.6 2 1.8 
AMSECHONS reeled eis cote 6 Bu 7 6.5 8 lalail 
USCCUIONS anit t a slashes 4 3.7 6 5.5 6 5.5 
ZeSECHONS' «kere d aicte 12 11.1 6 BES 12 ital 
SECHOM ere e Gish uhs 20 18.5 12 11.1 16 14.8 

Out of 4 to 8 sections 
(218 years)— 

Reversals on: 
ATSECHONS Wilts coco ee 4 1.8 5 23 6 2.8 
SMSECHIONSH Sei steru ic catette 12 5.5 15 6.9 13 6.0 
ZESCCHONS: oss icles hotness 20 9.2 21 9.6 23 10.6 
MMSE CHION ie its lee 36 16.5 30 13.8 42 19.3 


Years having reversals of relative thicknesses on each of the three 
radii for either 10 or 8 sections of OL-SO-57 are as follows: 


Out of 8-10 sections (1840-1947) *—108 years—north radius: 


Reversals on: 


5 sections 4 sections 3 sections 2 sections 1 section 
1909 1883 1840 1846 1855 
1924 1885 1869 1854 1856 
1930 1894 1875 1862 1864 

1931 1916 1887 1870 
1945 ~ 1890 1877 
1946 1898 1878 
1907 1888 

1920 1889 

1923 1897 

1932 1901 

1935 1902 

1940 1917 

1918 

1926 

1929 

1933 

1934 

1938 

1942 

1943 


* 10 sections, 18883——. 
9 sections, 1854——. 
8 sections, 1840——. 
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Out of 4 to 8 sections (1730-1947) *—218 years—north radius: 


4 sections 3 sections 


1883 
1885 
1909 
1946 


* 8 sections, 1834——., 
7 sections, 1798——. 
6 sections, 1773——. 
5 sections, 1748——. 
4 sections, 1730——. 


1779 
1801 
1823 
1828 
1837 
1840 
1869 
1875 
1924 
1930 
1931 
1945 


Reversals on: 


2 sections 


1760 
1790 
1795 
1797 
1803 
1807 
1812 
1832 
1846 
1854 
1862 
1894 
1907 
1916 
1920 
1926 
1929 
1932 
1935 
1940 


1 section 


1740 
1741 
1744 
1747 
1750 
1754 
1767 
1770 
1772 
1776 
1792 
1799 
1805 
1822 
1830 
1835 
1839 
1855 
1856 
1864 


1870 
1887 
1888 
1889 
1890 
1897 
1898 
1902 
1917 
1918 
1923 
1933 
1934 
1938 
1942 
1943 


Out of 8-10 sections (1840-1947) *—108 years—southeast radius: 


5 sections 4 sections 
1877 1846 
1901 1885 
1929 1894 
1933 1898 
1945 1907 

1923 
1924 


* 10 sections, 1888——. 
9 sections, 1854——. 
8 sections, 1840——. 


Reversals on: 
3 sections 
1869 
1883 
1909 
1911 
1918 
1942 


2 sections 


1840 
1875 
1881 
1890 
1892 
1906 


1 section 


1854 
1867 
1887 
1897 
1910 
1916 
1920 
1926 
1930 
1931 
1940 
1941 
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Out of 4 to 8 sections (1730-1947) *—218 years maximum—southeast radius: 


(a ee 
4 sections 3 sections 


1837 
1877 
1885 
1901 
1933 


* 8 sections, 1834——. 
7 sections, 1798——. 
6 sections, 1773——. 
5 sections, 1748——. 
4 sections, 1730——. 


— 


1795 
1807 
1823 
1831 
1836 
1846 
1869 
1883 
1894 
1907 
1911 
1918 
1924 
1929 
1945 


Reversals on: 

2 sections 
1741 
1744 
1772 
1776 
1789 
1790 
1798 
1801 
1802 
1812 
1819 
1830 
1832 
1840 
1875 
1881 
1892 
1898 
1906 
1923 
1942 


1 section 


1747 
1751 
1758 
1765 
1782 
1784 
1786 
1792 
1797 
1799 
1806 
1808 
1810 
1815 
1817 
1822 
1826 
1827 
1828 
1835 
1854 


1867 
1890 
1897 
1910 
1916 
1920 
1930 
1940 
1941 


Out of 8-10 sections (1840-1947) *—108 years—southwest radius: 


5 sections 4 sections 


1890 
1945 


* 10 sections, 1888——— 


9 sections, 1854. 


8 sections, 1840-——. 


1854 
1894 
1911 
1920 
1923 
1929 
1931 
1933 


Reversals on: 
3 sections 
1883 
1885 
1901 
1906 
1907 
1909 


2 sections 


1844 
1846 
1849 
1868 
1875 
1877 
1898 
1916 
1917 
1918 
1922 
1932 


1 section 


1840 
1862 
1869 
1870 
1876 
1878 
1889 
1897 
1910 
1921 
1924 
1926 
1930 
1940 
1942 
1943 
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Out of 4 to 8 sections (1730-1947) *—218 years maximum—southwest radius: 


Reversals on: 


4 sections 3 sections 2 sections 1 section 
1854 1786 1743 1733 1862 
1890 1807 1760 1739 1868 
1911 1812 1770 1741 1869 
1920 1831 1772 1744 1870 
1929 1883 1789 1754 1876 
1945 1885 1792 1757 1877 

1901 1797 1758 1878 
1906 1798 1776 1897 
1907 1801 1782 1898 
1909 1809 1790 1910 
1923 1817 1795 1916 
1931 1819 1799 1917 
1933 1822 1803 1924 
1823 1805 1926 
1828 1806 1930 
1837 1808 1932 
1844 1810 1940 
1846 1811 1942 
1849 1826 1943 
1875 1830 
1894 1832 
1918 1835 
1922 1840 
* 8 sections, 1834——. 
7 sections, 1798——., 
6 sections, 1773——. 
5 sections, 1748-—. 


4 sections, 1730-——. 


Figure 74 gives details on the localization of reversals in time and 
in position in the trunk of OL-SO-57 from 1800 to 1899. Out of 100 
years, 11 have reversals in relative thicknesses along all three radii 
of one or more sections ; 27 out of 100 have reversals on two radii ; and 
51 out of 100 have reversals on one radius. 

From 1800-1899, there are 47 years in which the trend in rela- 
tive thicknesses is uniform throughout the trunk as represented by 
7 to 10 sections. Here, as in OL-B-42, strictly diagnostic growth 
layers do not show reversals. A comparison of the dates bearing 
reversals in OL-SO-57 with those in OL-B-42 brings out a lack of 
agreement among the dates with reversals. A common factor may 
exist but its identification would be extremely difficult. Table 55 
summarizes figure 74 and also figures 71 and 76. 

The total number of reversals on the first nine sections of OL- 
SO-57 on the three radii for 1800-1899 are: 

T-1 2 4 5 8 Oe otal 


3 6 7 
INO iene S34 QB ZS) 2S Nd SSCA oO eA 14 .cih2t 7, 
Percent... 113° °7.0,17°7) 91S 25:7 107 NOON O!6 Sel 8.9 (average) 
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Percentages here, as with OL-B-42, are based on the number of 
years multiplied by the number of radii; they come to 300 each for 
T-1 to T-7, 198 for T-8, and 135 for T-9, or a total of 2,433. Sec- 
tions T-2, T-3, T-5, and T-9 have the least reversals, with T-5 hav- 
ing half the number of T-1. In OL-B-42, it is T-6 that has the 
minimum. The average percentage of total reversals, 8.9 percent, 
is somewhat less than for OL-B-42—10 percent. In OL-SO-57 
time spans free of reversals are far less evident than in OL-B-42. 
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Fic. 74.—Vertical uniformity. Location of specific reversals, or nonuniformity, 
by radius and by section, 1800-1899, in OL-SO-57. 


There are suggestions of fewer reversals centering on 1817 or 1818 
and on 1861 or 1862 for something like 10 years at the first interval 
and 15 to 20 at the second. 

Growth-layer thicknesses.—These thicknesses considered longitudi- 
nally are given in table 18 (p. 68). No single maximum or minimum 
occurs on any radius or on the average in sections T-1 to T-12. 
Maxima exist on the north radius on T-1, T-4, T-8, and T-10; on the 
southeast radius on T-3, T-4, T-7, T-9, and T-11; on the southwest 
radius on: T-4, T-6, and T-11; and among the averages on T-1, T-5, 
T-8, and T-10. Absolute maxima and minima do not occur in the 
same sections on any of the three radii. In general, the lower sec- 
tions of the north and southwest radii show the greatest average 
thickness and the lower sections of the southeast radius and of the 
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section averages show the least. This varies from the incidence of 
thickest growth layers in OL-B-42 (p. 159 and table 10, p. 46). 

Table 56 shows the percentage of thick growth layers in the lower 
10 sections of OL-SO-57 and supplements table 18. Here, as in 
tree OL-B-42, growth layers are thickest on the north radius. The 
north radius carries 77.8 percent of the thick portions of the growth 
layers, the southeast 12.4 percent, and the southwest 8.1 percent. 
In OL-B-42 the southwest radius held the intermediate position. 
Figure 72 shows to what an extent the north radius of OL-SO-57 
dominates in thickness. 


TREE OL-S-62 


Absolute thickness—Figure 75 shows average growth-layer thick- 
nesses for sections T-1 to T-10. The graphs show a great similarity 
but at the same time give the impression that the similarity among 
the graphs of OL-S-62 is not so great as among those of OL-SO-57. 

Three time intervals, 1845-1859, 1875-1884, and 1905-1914, were 
used to show differences longitudinally in the trunk of OL-S-62, tables 
62 A and 62 B. The term “scattered lenses” cannot be applied to 
OL-S-62 within the range of dates used. In contrast with OL-B-42 
and OL-SO-57, OL-S-62 has two years with lenticular growth 
layers that are nearly entire in their areal extent rather than widely 
scattered. 

The average of three radii, table 62 A, for 1845-1859 and 1905- 
1914 shows: Maximum thicknesses dominate (18 to 3) the upper 
half of the first time interval and also the third time interval (7 to 
1), whereas minimum thicknesses dominate the lower half of the 
first interval (12 to 0) and also the third time interval (8 to 5). Sec- 
tion T-7 for both intervals contains neither maxima nor minima 
for any year. For the intermediate time interval, 1875-1884, in con- 
trast with OL-SO-57 (table 58), maxima dominate (10 to 0) the 
upper sections, and minima the lower (11 to 1), with T-2 and 
T-7 having neither minima nor maxima. 

The southwest radius varies somewhat from the average of the 
three radii. Table 62 B shows that for 1845-1859 and 1875-1884, 
maximum thicknesses dominate in the upper five sections, 16 to 6 
and 7 to 2; and that for 1905-1914, maxima are spread rather 
evenly, 6 in the upper and 5 in the lower half, whereas minima are 
exclusively in the lower sections. Neither maxima nor minima oc- 
cur on T-1 and T-5 of 1845-1859, on T-7 of 1875-1884, and on T-5, 
T-6, and T-7 of 1905-1914. Minima predominate, 10 to 0, during 
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1845-1859 for the lower five sections; 10 to 4 during 1875-1884; 
and 10 to 5 during 1905-1914. 

Data gained by a study of the three time intervals are summarized 
in table 58. Although the trunks of the three trees were divided into 
upper and lower for comparative purposes, it must be pointed out 
that maxima or minima may inhabit one section almost to the 
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Fic. 75.—Vertical uniformity. Graphs of average growth-layer thicknesses, sections T-1 to T-10, OL-S-62. 
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exclusion of others; for instance, 7 out of 10 minima are on T-4 on 
the southwest radius for 1905-1914. 

It should also be noted that the intervals 1845-1859 and 1905-1914 
cover high areas on the graphs, and that 1875-1884 covers a low 
area (fig. 75). No significance can be read into the gross amounts 
of growth in OL-S-62, and very little if any in the other two trees. 
If averages for eight sections for the three trees are summarized, 
we find the following number of maximum and minimum thicknesses : 


Sections Tree Maxima Minima 
28 ies Were reiure el evareyance aecitens OL-B-42 Be 
OL-SO-57 28 15 
OL-S-62 18 2 
1 Dee Ne grr ee Rea try ON OL-B-42 2 10 
OL-SO-57 10 21 
OL-S-62 4 2 


In general, maxima predominate, 68 to 18, in the upper four sec- 
tions and minima, 60 to 16, in the lower four. Section T-7 is the 
only section common to the three trees not bearing either maximum 
or minimum growth-layer thicknesses. Maxima and minima appear 
to be fairly well distributed over the trunks insofar as they are repre- 
sented by a series of sections. 

Average thicknesses along the trunk (table 62) commonly vary 
by a factor of 14 with certain years ranging up to 3 and 4. Along 
the southwest radius thicknesses vary commonly by a factor of 2 to 
24, certain years ranging up to 3, 4, and more. These values equal 
or fall short of those for tree OL-SO-57. 

Relative thickness and trend——Trend analysis of the graphs on 
figure 75 along the trunk, T-1 to T-9, gives an agreement of 69.6 
percent. Thus, of the three trees, OL-S-62 has the least general 
uniformity longitudinally. 

Trend agreements decline in number as the averages of more sec- 
tions are compared (table 63). A comparison of 2 sections gives 
90 percent agreement, whereas a comparison of 11 gives 62 percent. 
For OL-S-62, compared with CIES, the decline in agreement 
is not so great. 

Among the three radii, as shown on table 64, the north and south- 
west radii have the same vertical agreement, 59 percent, whereas the 
southeast has the lowest, 57 percent. There appears to be no com- 
mon agreement among the three radii of the three trees (tables 53 
and 60). The average of the three radii of OL-S-62, 65 percent, 
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falls short of the percentage agreement in the other two trees. If 
the sections are grouped into lower, T-1 to T-5, mid, T-5 to T-9, 
and upper, T-8 to T-13, percentage agreement decreases upward 
(table 64), a progression resembling that of OL-B-42 (table 53), 


TaB_e 63.—Vertical uniformity, trunk of OL-S-62. Trend agreement with an 
increasing number of sections, based on average sectional thicknesses of 
the growth layers 


Percent 
Comparison of: 
ZuSections CZ252hVeaTs) sac crisis siele wi elswtetie slolhee 90 
sections (ZS oy ears) esas eis foie ioe Seite 84 
Avsections) (217i years sists cs tas icicles cle oi olreetreleihoe 84 
Susections)GL97: yiears))i-yate s\sreiccs ocis cuersie eietoiete «clones 79 
Grsections C187 years) cates aie koisvaic o elomeisvo cee 75 
WSECHONSTCLOO! yearsyeie gee cee. ciees coielcrase ars vete 74 
Sxsectionss (USZiyears)) i ekeess cjscccloters hie mhccerei ators 74 
Disections: Cl3s years)ir wien sa dshttc eee eee 73 
1Oysectionsi ClO9syears))). 4 wibriees scohie teisterel seis 71 
aiGsections! (82 years)) i. aeeecmicciein ea sieoere seis 62 
l2sections (G5) years) eka ese cavwtelawls 4a 63 
USisections' (49 years) esc s ee os cektacsees 55 
W4rsections:(23) years) <5. ):/s siete aie © ole scvevsreree otie 48 


TABLE 64.—Vertical uniformity, OL-S-62. Trend agreement for the three radii, 
the average of three radi, and lower, mid, and upper trunk 


Percent 

All sections (252 years) : 

INGr El radits eerste tinee cate eiataravereietciseanayersiaucle 59 

Sontheasti radius aca veitieer sneer rar ale bY/ 

Southwestiradits ic se nese ote cee cle urns 59 

Average yOles LAC a) 1s Geen 2 cisle evecare sive ets a) cvele's 65 
Average of 3 radii: 

Sections @leoii(Z48 syears) oa0c <n soe eceses sos 80 

Sections35=9, (USS years) cc. ssl cietersice setscs ocisieie 79 

Sectionsu6-131 (133) years) occas lec cee 76 


and differing from that of OL-SO-57 (table 60). In OL-S-62, the 
values are lower than in the other two trees. The branches have 
little effect on the sections taken closest to them. 

Table 65 gives detailed information on trend disagreements longi- 
tudinally. Although the reversals appear to be localized, they are 
not so localized as in OL-SO-57 (table 61). Reversals are more 
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TABLE 65.—Vertical uniformity, trunk of OL-S-62. Number and percentage of 
opposed trends on each of three radu using 10 sections and 4 to 8 sections 


North Southeast Southwest 
years % years % years % 
Out of 10 sections 
(108 years) — 
Reversals on: 
S\Sections’ oe hee eee 1 0.9 9 8.3 3 2.8 
4 ISECLIONS | sist sie tre ue ee 10 9.2 6 5.5 9 8.3 
SUSECHONS na rae 7 6.5 7 6.5 9 8.3 
ZVSCCHONSH Lene eeuee 14 13.0 6 5:5 15 13.9 
DSection nee eh 12 11.1 20 18.5 9 8.3 
Out of 4 to 8 sections 
(218 years) — 
Reversals on: 
A SECHONS dete aicicid ceo 12 5.5 16 es 7 3.2 
Siisections uate ous 14 6.4 14 6.4 cae Wf 7.8 
Zi SCCHONS He sea oe an 20 9.2 24 11.0 31 14.2 
LE SECHON ic Ae serena ema 33 15.1 29 13.3 27 12.4 


widespread in the trunk of OL-S-62 than in either OL-SO-57 or 
OL-B-42 (table 54). 

Years having reversals of relative thicknesses on each of the three 
radii for 10 sections of OL-S-62 are as follows: 


Out of 10 sections (1840-1947)—108 years—norih radius: 


Reversals on: 


lll 


5 sections 4 sections 3 sections 2 sections 1 section 
1915 1849 1846 1854 1841 
1870 1885 1865 1855 
1884 1898 1867 1861 
1889 1923 1878 1874 
1890 1924 1886 1875 
1891 1926 1887 1876 
1892 1939 1888 1879 
1908 1900 1910 
1933 1901 1919 
1943 1916 1925 
1920 1944 
1929 1945 
1931 


1932 
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Out of 4 to 8 sections (1730-1947) *—218 years—north radius: 


4 sections 


3 sections 
1777 
1786 
1806 
1811 
1846 
1884 
1889 
1890 
1892 
1908 
1923 
1926 
1939 
1943 


* 8 sections, 1796——. 
7 sections, 1788——. 
6 sections, 1759——. 
§ sections, 1750——. 
4 sections, 1730——. 


Reversals on: 


2 sections 
1741 
1745 


1 section 


1861 


Out of 10 sections (1840-1947)—108 years—southeast radius: 


5 sections 
1849 
1870 
1885 
1886 
1889 
1908 
1910 
1915 
1931 


4 sections 
1854 
1890 
1892 
1922 
1923 
1926 


Reversals on: 


3 sections 
1846 
1876 
1878 
1901 
1916 
1933 
1944 


2 sections 


1861 
1879 
1884 
1921 
1929 
1943 
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Out of 4 to 8 sections (1730-1947) *—218 years—southeast radius: 


4 sections 


1788 
1801 
1811 
1833 
1837 
1846 
1849 
1870 
1889 
1908 
1910 
1915 
1922 
1923 
1926 
1931 


* 8 sections, 
7 sections, 
6 sections, 
5 sections, 
4 sections, 


3 sections 


1767 
1768 
1771 
1772 
1777 
1789 
1793 
1809 
1828 
1845 
1846 
1878 
1890 
1901 


1796-———. 


Reversals on: 
2 sections 
1744 
1750 
1751 
1762 
1782 
1796 
1802 
1805 
1806 
1810 
1812 
1825 
1839 
1854 
1861 
1876 
1879 
1884 
1892 
1916 
1921 
1933 
1943 
1944 


1 section 


1733 
1734 
1741 
1745 
1753 
1754 
1757 
1760 
1764 
1769 
1770 
1779 
1786 
1791 
1841 
1844 
1853 
1862 
1863 
1880 
1881 
1883 
1891 
1900 


1909 
1920 
1929 
1932 
1945 


Out of 10 sections (1840-1947)—108 years—southwest radius: 


5 sections 


1849 
1870 
1931 


4 sections 


1846 
1876 
1879 
1884 
1889 
1890 
1916 
1923 
1944 


Reversals on: 
3 sections 
1854 
1861 
1885 
1886 
1891 
1908 
1911 
1915 
1929 


2 sections 


1853 
1855 
1865 
1883 
1892 
1898 
1900 
1901 
1910 
1920 
1921 
1922 
1933 
1939 
1943 


1 section 


1850 
1851 
1875 
1878 
1883 
1926 
1932 
1940 
1945 
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Out of 4 to 8 sections (1730-1947) *—218 years—southwest radius: 


Reversals on: 


4 sections 3 sections 2 sections 1 section 
1828 1759 1741 1732 
1846 1768 1745 1744 
1849 1786 1750 1754 
1876 1789 1751 1762 
1916 1796 1758 1764 
1923 1801 1760 1770 
1931 1802 1767 1771 

1806 1777 1780 
1861 1782 1783 
1870 1791 1803 
1879 1792 1811 
1884 1793 1812 
1890 1808 1820 
1891 1809 1824 
1915 1833 1825 
1929 1837 1826 
1944 1852 1854 
1883 1865 
1886 1878 
1889 1885 
1892 1888 
1898 1910 
1900 1922 
1901 1926 
1908 1932 
1911 1940 
1920 1945 
1921 
1933 
1939 
1943 


*8 sections, 1796——. 
7 sections, 1788——. 
6 sections, 1759——. 
5 sections, 1750-——. 
4 sections, 1730——. 


Figure 76 gives details on the localization of reversals in time and 
in position in OL-S-62 for 1800-1899. Out of 100 years, 15 have 
reversals in relative thicknesses longitudinally on all three radii of 
one or more sections; 25 out of 100 have reversals on two radii; 
and 48 out of 100 have reversals on one radius. From 1800 to 1899 
there are 45 years in which the trend in relative thicknesses is uni- 
form throughout the trunk as represented by 10 sections. Strictly 
diagnostic growth layers, in OL-S-62 as in OL-B-42 and OL-SO-57, 
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appear seldom if at all on figure 76 or in lists setting forth reversals. 
A comparison of the dates bearing reversals in OL-S-62 with those 
in OL-B-42 and OL-SO-57 emphasizes the lack of coincidence 
among the three sets of dates and the radii affected by reversals. It 
is thus clear from the evidence of these trees that reversals are not 
due wholly to a cause common to the three trees; perhaps the re- 
versals depend upon a variation in some micro-site factor or upon 
characteristics inherent in the individual tree. 
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Fic. 76.—Vertical uniformity. Location of specific reversals, or nonuniformity, 
by radius and by section, 1800-1899, in OL-S-62. 


Table 55 summarizes figure 76 and also figures 71 and 74. 
The following table sets forth the total number of reversals on 
the three radii of the lower 10 sections of OL-S-62 for 1800-1899: 


T-1 2 3 4 5 6 7 8 9 10 Total 
INOS eee ee 37 PAR 3229) (35139) 80 SZ pao oO o50 
Percent ..... 12.3 13.7 10.7. 9.7 11.0 13.0 12.7 10.7 15.3 16.4 12.3 (average) 


Percentages are based upon the number of years multiplied by the 
number of radii; this number comes to 300 each for T-1 to T-8, 
255 for T-9, and 183 for T-10, or a total of 2,838. In all sections 
the percentages are higher for OL-S-62 than for OL-SO-57. Sec- 
tion T-4 has the minimum number of reversals, whereas in OL-B-42 
it is T-6 and in OL-SO-57 it is T-5. The percentage of total re- 
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versals, 12.3, is greater than that for either of the other two trees. 
Time spans free of reversals appear to be better defined in OL-S-62 
than in OL-SO-57 but not as well as in OL-B-42. An interval of 
10 to 12 years free of reversals centers on 1818; a second of some 
8 years centers on 1842; a third of 14 to 20 years centers about 
1860; a fourth, relatively free of reversals, of some 14 years centers 
on 1876; and a fifth of 7 years centers at 1896. Centers of particu- 
larly numerous reversals are near 1807, at 1849, at 1870, and near 
1888. 

Growth-layer thicknesses——Such thicknesses longitudinally are 
given on table 27 (p. 90). No single maximum or minimum exists 
on any radius or on the mean in the first 12 sections. On the north 
radius, maxima exist on T-1, T-3, T-6, T-8, and T-10; for the south- 


TABLE 66.—Location by section of maximum and minimum growth-layer 
thicknesses in the trunks of the three trees, OL-B-42, OL-SO-57, and 
OL-S-62. (Taken from tables 10, 18, and 27.) 


OL-B-42 OL-SO-57 OL-S-62 
Max. Min. Max. Min. Max. Min. 
INGE Wooeee eae T-l T-11 T-1 T-i1 T-6,8 T-4 
Southeast: ..00....... T-3 T-9 T-7 T-10 T-9 =1Z 
Southwest ........... T-1 T-10 T-4 T-8 T-5 T-1 
PAVETARE! Niles viel sab es T-1 T-9 T-10 T-12 T-8 T-12 


east radius on T-1, T-4, T-5, and T-9; for the southwest radius 
on T-5, T-7, and T-8; and for the average on T-1, T-5, and T-8. 
Absolute maxima and minima do not exist on the same sections on 
any of the three radii. In general, the upper half of the 12 sections 
shows the greatest average thickness on all radii and on the average. 
A summary of maxima and minima is given in table 66. It is clear 
that a majority of the maxima occur in the lower trunk and a ma- 
jority of the minima in the upper trunk. The table shows that aver- 
age maximum thickness or average minimum do not occur consistently 
on any one section for a single tree or for two or three trees, or on 
any one radius. 

Table 56 gives the percentage of thick growth layers existing along 
each radius of the lower 10 sections of OL-S-62 and supplements 
table 27. Out of the 10 sections, 6 have the thickest portions of their 
growth layers on the north radius. Of the remaining 4 sections, 3 
have their thickest portions on the southeast radius and 1 on the 
southwest. Here, the averages are closer together than they are for 
the other two trees, the north radius having 40.2 percent of the 
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thickest portions of the growth layers, southeast 37.9 percent, and 
the southwest 21.3 percent. Figure 72 substantiates these percentages 
and emphasizes the areal contrasts among the three trees. 

Summary—Much material by way of summary of vertical uni- 
formity has been discussed previously. Here, tables and figures 
carrying summaries will be mentioned and additional material dis- 
cussed briefly. 

Table 58 treats of the maxima and minima of average growth- 
layer thicknesses. Maximum thicknesses occur more plentifully in 


TABLE 67.—Percentage agreement vertically, based on average sectional 
thicknesses, to show decrease as more sections are added, 
OL-B-42, OL-SO-57, and OL-S-62 


OL-B-42 OL-SO-57 OL-S-62 
% % % 
Comparison of: 

ZSCCHIONS re ee cea ere aes 94 04 90 
SSCCEIONS ))s12) BAS peat ees Ee 90 85 84 
Ai SECHONS | cee ean ceo ees 84 81 84 
SySECHONS tiie season ee Oa etea 84 80 79 
Gisectionsat Ae oe ian eee 81 76 75 
7 SECON Geena he ae eo te ee 79 73 74 
Sisections sowie ee Sess 76 76 74 
DESECHLOMS ie eicieece lope to pass eoneaelnoteraielcee 75 72 73 
TOSectionss. chine ahah 68 64 71 
Ul sections Hoos sees cee eee 67 55 62 
TZ SECEIOTIS aur re env e mtal Ta RTE 63 60 63 
TS SeCtONS teees 6 chee 5 a hs Re eee 42 55 
D4 Sections. vaiicc citron Menta se ones 45 48 


the upper trunk, and minimum thicknesses are more apt to occur in 
the lower. This is especially evident in OL-S-62, whereas in OL- 
B-42 maxima and minima are somewhat more evenly distributed. 
Tabular material (p. 174) emphasizes even more clearly the dis- 
tribution of growth maxima and minima. 

Table 67 shows the trend agreement between the two lowest sec- 
tions of the three trees and the decline in that percentage as more sec- 
tions are added. The decline is from some 90 percent to the low 
60’s at T-12, and even lower above T-12. Figure 77 illustrates 
the decreasing amount of trend agreement as sections are added. 
Agreement among the trees is rather close. 

Materials on trend agreement concerning the different radii and 
different portions of the three trunks are summarized in table 68. 
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In general, the averages of the three radii are higher than any single 
radius. The lower portion of the trunks of OL-B-42 and OL-S-62 
have a higher percentage of agreement than the middle or upper 
portions, whereas the middle and upper portions of the trunk of 
OL-SO-57 have the higher percentage of agreement. 


ma Ol-3-42 


NG 
(3 ‘ b 
i b Fes 


ees 


=" OL-S0-57 *°°*OL-$-62 


| 


Fic. 77.—Percentage agreement vertically, based on average sectional thick- 
nesses, to show graphically the decrease in agreement as more sections are added, 
OL-B-42, OL-SO-57, and OL-S-62, 


TaB_e 68.—Vertical uniformity, OL-B-42, OL-SO-57, and OL-S-62. Trend 
agreement for the three radii, average of three radii, and lower, 
mid, and upper trunks 


OV Chee 37 Cee 
All sections: (267 years) (255 years) (252 years) 
North radius ............ 57 68 59 
Southeast radius ......... 60 66 | 57 
Southwest radius ........ 63 62 59 
Average of 3 radii........ 73 a5 65 
Average of 3 radii: 
TS) a) OE A 83 (267 years)  80(255years) 80 (248 years) 
Mee Onto DD ere icici. o kalcieek 80 (218 years) 85 (175 years) 79 (188 years) 
MeO LES. voce ce tsi ce ove 75 (146 years) 85 (T-7toT-12) 76 (133 years) 
(114 years) 


The number of reversals in the interval 1800-1899, for three radii, 
for two radii, and for one radius, plus the years without reversals 
longitudinally, is set forth in table 55. Results are mixed: there 
appears to be no consistent response in one tree compared with the 
other two. Tree OL-B-42 has the least number of years without re- 
versals and tree OL-SO-57 the most. 
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For the interval 1800 to 1899 dates have been tabulated for the 
three trees to show times of no reversals. There are 16 years out 
of the 100 when no tree showed a reversal; 28 years out of 100 
when two trees showed no reversal on the same dates; and 27 years 
out of 100 when one tree only showed no reversal on particular dates. 
That leaves 29 years out of 100 when none of the trees showed a 
uniformity of trend. 

Table 66 shows which section and which radius carries maximum 
and minimum growth-layer thicknesses for the three trees. This 
table shows a lack of complete consistency in the particular position 
within the trunk of maxima or minima. 

Table 56 details the percentage of thick parts of growth layers 
occurring on each radius of each tree for sections T-1 to T-10. In 
OL-B-42, the north radius carries a preponderance of the thick por- 
tions of growth layers on all 10 sections; in comparing the south- 
east and southwest radii, the southeast has the preponderance on 
3 sections and the southwest on 7 sections. In OL-SO-57, the north 
radius has the preponderance of thick portions of growth layers on 
all 10 sections; in comparing the southeast and the southwest radii 
the southeast has the majority on 5 sections and the southwest on 4. 
In OL-S-62, the north radius has the majority of thick portions of 
growth layers on 6 sections; in comparing the southeast and the 
southwest radii the southeast has the majority on 7 sections and the 
southwest on 3, which is the reverse of the relationships in OL-B-42. 
Figure 72 (p. 160) illustrates table 56. It is clear that the three trees 
lack consistency. The north radius appears to dominate, and cer- 
tainly does in two of the trees, but not in the third. The differences 
cannot be explained by visible differences in site conditions, because 
they were to the eye as similar as natural conditions can be. In fact, 
OL-SO-57 should have been the odd tree (fig. 72), not OL-S-62. 


OL-SO-57 BRANCHES 


The average growth-layer thicknesses of the sections from the two 
branches of OL-SO-57 are plotted on figures 78 and 79. Similarity 
among the graphs is of high degree except for section E on Branch 1. 
On Branch 2 the likeness is not quite so obvious among the sec- 
tions as it is on Branch 1. Trend agreement among graphs of 
figure 78, 1840-1947, comes to 75 percent; that for the graphs of 
figure 79 is 73 percent. 
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BR. } 
OL-SO-57 


Percentage 


Fic. 78.—Vertical uniformity. Graphs of average growth-layer thicknesses, 
five sections, Branch 1, OL-SO-57. 


OL-S0-57 


Fic. 79.—Vertical uniformity. Graphs of average growth-layer thicknesses, 
four sections, Branch 2, OL-SO-57. 


Trend agreements in the branches of OL-SO-5/7 for different dates 
are as follows: 


% 

Branch 1: 1825-1947 (all six sections).................. 74 
1840-1947 (five sections)...........-.....06. 75 

1825-1899 (five sections)... seed io. area eee 87 

1900-1947 (five sections)................0005 62 

Brancht2 3) 1895-1947" (all) sections) et qcc4-l-2 eee oe ae oe 69 
1900-1947 (four sections).................... 73 


It is clear that the division of Branch 1 into two time intervals, 
1825-1899 and 1900-1947, has brought out two different trends, 
namely, 87 percent for the earlier interval and 62 percent for the 
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later one. Although the early interval is about 50 percent longer 
than the later interval, the difference in percentage of agreement ap- 
pears to be significant of some change in factors which influence the 
disposition of xylem on the branch. 


OL-S-62 BRANCHES 


The average growth-layer thicknesses of the sections from the 
two branches are plotted on figures 80 and 81. A high degree of 
similarity exists along Branch 1. Differences of amplitude appear 
to be more conspicuous than reversals of trend; even so, agreement 
among the first six graphs on figure 80 is 67 percent. Although the 
graphs of figure 81 appear to be more dissimilar than any so far 
shown, the trend is 69 percent. 

Trend agreements in the branches for different dates are: 


% 

Branch 1: 1810-1947 (all sections): ....-...i2.0.00+0+s% 44 
1810-1947 (six sections) ............eeeceeeee 67 

Branch’ 20) 1875-19477)i(allsections) s4- sc oes eee eae ae 71 
1880-1947 (all sections) .............eceeeeee 69 

Branch 1: 1825-1899 (seven sections).................- 52 
1900-1947 (seven sections)................06 31 


In Branch 1, the percentage of reversals increases sharply when 
all sections are compared rather than when only six sections are 
compared. Agreements in general in OL-S-62 branches do not 
measure up to those in OL-SO-57. 

If the record is divided into two intervals using those sections 
whose dates correspond with those used in OL-SO-5/7, the interval 
1825-1899 has much higher agreement than the interval 1900-1947. 


SUMMARY COMPARISONS 


A summary of longitudinal agreement among branches and between 
branches and trunk based on average thicknesses is as follows: 


OL-S0-57: 
Trunks vs: ibranches. 63 (ee C meee mae en ancpes hasta alalaiets 75 
Branch vs.ibranchZ Nena eee eee aecrerctecion: 83 
Trunk vss Branch io oka eee eee ee eeen eco 85 
Trunlgivs: (Brancia) 23 4 etes se eee erelo apse ciatcenaenacoetsorcects 78 
OL-S-62: 
Prunkews:, branchesi/- xo cactreee seks echelcteteletesereiereletersiade 72 
Branch (vse Branch 2c icirecc oie erstereicie eis eteerereietorete 82 
Trunk vs. "Branch Woccoe coe Uecser Oneida sects heer 83 
Trunk’ vs.’ BraneliZo0. Pec) haere ens oostinjc ie te eremetee 82 
Branch 1: OL-SO-57 vs. OL-S-62.........ccccesccccee 71 


Branch 2: OL-SO-57 vs. OL-S-62.........csecceevccee 72 
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VIII. PARTIAL AND INTRA-ANNUAL GROWTH 
LAYERS * 


INTRODUCTION 


In addition to the preceding studies on the uniformity and gen- 
eral trends of growth that exist among growth layers, considerable 
attention was given to the occurrence and character of those growth 
layers which were “atypical” in the sense of being uncommonly thin 
or partial as lenses, or of being intra-annual. Irregularities occur 
in the manner in which the layers of xylem are laid down among 
ponderosa pine of northern Arizona, and more or less in all gymno- 
sperms from all regions. This part of the report, in addition to in- 
creasing our knowledge of growth layers, is an attempt to add further 
insight into the behavior of the cambium during critical growing 
periods. 

Much of the work of dendrochronologists is based upon the occur- 
rence, character, and interpretation of the atypical growth layers that 
have become landmarks in the construction of long chronologies. 
These landmarks, or diagnostic layers, are part of the entire chrono- 
logical sequence. Their recognition and proper interpretation deter- 
mine the accuracy of dates assigned to specific growth layers. Proper 
recognition of all anomalies of wood structure is possible only when 
the physiological aspects of growth are considered. Although the cam- 
bium may commonly be active only once every year, it cannot be 
assumed that this is always the case. Growing seasons and chrono- 
logical years are not necessarily synonymous when interpreting 
xylem increments. 

Attention here is centered on the following two general varieties 
of atypical growth layers: 1, Lenses or partial growth layers, and 
2, “false” or “double” rings, occurring as bands of densewood within 
the lightwood of the annual increment. 

The first of these two types has been designated a lens or partial 
growth layer. The degree of partiality varies greatly, some layers 
being present over 99 percent of the stem, whereas others may be 
present as little as 1 percent. Whatever the area covered by the lens, 
it indicates the areal extent of the cambial activity that laid down 
xylem cells. 

The second general type of atypical growth layer is commonly 
referred to as a double or an intra-annual. Difficulties in the analy- 


* This part of the report was prepared by Paul J. Germann. 
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sis of intra-annuals arise because these layers may form a continu- 
ous series from one whose band of densewood is weakly developed 
and whose border is hazy, to one whose band of densewood is so 
definite in its characteristics and so sharply bordered as to be in- 
distinguishable from a true annual increment. 

Because both types form a continuous series of variations from 
one extreme to the other, any decision as to whether they are intra- 
annual or annual is necessarily arbitrary in the present work. If a 
line is to be drawn in the series, where should it be drawn? What 
criteria should be used in deciding whether one type, both types, or 
neither type is to be considered annual? 


METHODS USED IN ANALYZING PARTIAL GROWTH LAYERS 


Studies of partial growth layers made by other workers have given 
diverse results leaning a little perhaps toward more lenticularity at 
the base of the trunk. Such diversity is illustrated by the following 
examples, which vary according to the condition of the tree and its 
geographical location. 

Glock (1937), in a study of the partial rings of one ponderosa 
pine in the Flagstaff region, gives much evidence that more partial 
growth layers are missing at the base of the trunk than elsewhere 
and that those present cover a smaller area. He observed further 
that the last remaining lenses of a growth layer exist in the mid- 
section of the trunk and that the extreme upper portion of the tree 
resembles the lower. 

Hartig (1870), working with trees in Germany, observed that 
suppressed trees of a stand frequently showed a greater number 
of growth layers in the upper bole than in the lower. In an extreme 
case, in a white pine for example, he noted that wood at the trunk 
base, 21 years old, showed only 14 growth layers. 

Haasis (1933) made ring counts in a California redwood in 
which he noted a decrease in diameter for several years. He stated 
that there was a greater number of distinguishable growth layers at 
certain heights on the trunk than at places lower down. He believed 
his results substantiated the supposition that growth layers may be 
formed in the upper bole in a year in which they are not produced 
farther down. 

On the contrary, Shreve (1924) found no evidence of partial 
growth layers in morphological studies of Monterey pine in Cali- 
fornia. Marr (1948), working with white spruce from the north- 
ern forest border in the Hudson Bay area, did not find a single in- 
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stance of a layer that was partial in any of the sections or cores 
studied. He therefore assumed perfect horizontal and vertical con- 
tinuity of growth layers to be the general rule. 

In the first analysis of the sections of the three ponderosa pine 
here studied, while the chronological sequence was being worked 
out, all partial growth layers were noted and recorded. Later each 
growth layer was analyzed individually by following it around the 
entire circuit at the level of each section. The exact location where 
these rings appeared and disappeared was recorded on a data sheet 
which was marked off according to compass direction. For the trunk 
sections, the figures illustrating location start with north and make 
the circuit in a clockwise direction through east, south, west, and 
return to north. For the branches, the figures begin at the “up” radius 
progressing in a clockwise manner, with 180 degrees directly down- 
ward, and terminating at “up.’’ Thus the clockwise sequence of 
inspection was used for both the upper surface of the trunk sections 
and the distal surface of the branch sections. 

Figures 82 to 93 show the distribution of the lenses as they exist 
at each level in the three trees. The lines in the graphs indicate the 
presence of a recognizable growth layer. Wherever a growth layer 
is alternately present and absent, the lenses consist of one or two 
cells in radial thickness. 

For comparative purposes all the lines indicating growth layers 
were made the same length. Thus the comparable vertical positions 
in the tree would be found one above the other in the figures. At 
any one level the length of the circuit of the more recent growth 
layers was longer than the circuit of earlier growth layers nearer 
the pith. The circuit of the same growth layer was also longer at 
the base of the tree than in the upper sections. It was essential, 
however, in the determination of longitudinal and circuit uniformity 
to compare the characteristics of the growth layers along the same 
directional radii in order to compare cambial activity in the same 
absolute positions in the tree. Because it had been determined that 
there was no spiraling of the xylem in the three trees, the assump- 
tion of relative and absolute direction should be valid. 

As an illustration, figure 82 shows the location of partial rings as 
recorded in a straight-line graph, whereas figure 83 shows these 
same growth layers more in accord with their actual positions in 
the tree. 

A growth layer is partial if it is not visible for a portion of its 
course around the circuit at any one level. In the original analyses 
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S Ww N 
13)5° 13;0° 22,5° 27j0° 35)5° 36,0° 


Fic. 82.—Partial growth layers, or lenses, as represented by a straight-line chart. A com- 
posite of several trunk sections from tree OL-SO-57. 


Fic. 83.—Partial growth layers, or lenses, as they actually exist in tree OL-SO-57. A com} 
posite of several trunk sections (same as fig. 82), diagrammatically expressed. at 
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of each of the three trees, every growth layer that was partial even 
for a very short arc, on any one of the sections, was recorded and 
mapped. In the final data, however, certain partial growth layers 
were omitted. These were isolated cases of abnormality caused by a 
local injury or an absence restricted to a small area on one section, 
the bulk of the growth layer being of average or even above 
average thickness. Their existence suggests that the problem of 
cambial activity is a complex one, frequently involving localized 
cytological factors. 

In order to illustrate and discuss circuit distribution of lenticu- 
larity in the trunks of the three ponderosa pine, three sections were 
chosen at similar heights in each trunk. 

Sections chosen and their corresponding figures are: 


Section Figure No. 


Mree nO Ba42 wi aah ek Uy rh 


MireeiOl=SOas Ae kee eyed rh 
85 


Ase (OES CH a ee ea T-2 
86 


Sections and figures for the branches are: 


Figure No. 
Pree: OU-Bx42 wo 8 cieisislsiinicieyeles Abnormalities so great that the 
sequences were unreadable. 
ree OlLeSO=57 sys .sciias oeicans Branch 1A 
C 
rE 87 
Branch 2A 
Mareen OM S-O2, isi. ssid veitacce eve Branch 1A 
C 
E 88 
Branch 2A 


The figures here included adequately illustrate the distribution 
and amount of lenticularity. Although no additional information was 
derived from the sections not illustrated, they were included in all 
considerations (table 69) and served to confirm the tendencies and 
principles to be discussed. 
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The lines in the graphs of figures 84-88, representing lenses in 
cross section, give an idea as to the numbers and areas of the many 
lenses scattered over the surface of the trunks. Actual count re- 
vealed that some growth layers “appeared” and “disappeared” as 
many as 50 times around the circuit at certain levels, indicating 
the presence of tens of thousands of “patches” or lenses spread over 
the vascular cylinder and indicating possibly the presence of one 
or more growth flushes. Lenses vary in area from a square millimeter 
or less up to a sheath covering all but a small portion of the stem. 
Isolated lenses, and the cambial activity giving rise to them, may vary 
from a square millimeter to more than a square meter. 


CIRCUIT UNIFORMITY AMONG PARTIAL GROWTH LAYERS 


The lenses in the trunk sections of OL-B-42, as shown in figure 
84, possess little circuit uniformity. Because no definitely clear 
areas (absence) appear on the figures in a vertical direction, no 
general tendency toward either absence or presence of growth layers 
is indicated along any one radius on any of the three sections. The 
east to south area, however, possesses a slightly greater amount of 
absence than do the other areas. In general, this east to south area 
has the thinnest growth layers within the trunk. 

At all levels the number of partial growth layers is greater in the 
last half of the 19th century than at any other time. Section T-2 
(fig. 84) has 9 lenticular growth layers, T-6 has 8, and T-9 has 12; 
thus in one out of five growth periods cambial activity was sufficiently 
localized to produce partial growth layers. 

Although as a rule slightly more absence exists in the southeast 
quadrant, the first portions of a growth layer to be absent do not 
always occur in this quadrant and the last small portions to be 
present do not always occur in the west to north segment. The 
position of partial growth layers within the trunk follows no general 
tendency. Characteristics found on one radius for one growth layer 
or sequence of growth layers are not necessarily duplicated on the 
same radius for other growth layers at the same level. In addition, 
no general consistency was found in the length or extent of the 
lenses at any one level or on any one radius. Growth layers with 
many small lenses in certain areas might be expected to be the same 
throughout, but this is not the case. Spotty growth, with short 
lenses, is intermingled with long lenses both as regards one growth 
layer in its course around the circuit and all growth layers on any 
one radius. 
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Fie. 84.—Circuit uniformity among partial growth layers, or lenses, in sections 
T-2, T-6, and T-9, tree OL-B-42. 
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Figures 85 (trunk) and 87 (branches) give the circuit distribu- 
tion of the lenses or partial growth layers in tree OL-SO-57. One 
of the striking features of this series, particularly in the lower sec- 
tions, is the great number of very short lenses visible in the plane 
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Fic. 85.—Circuit uniformity among partial growth layers, or lenses, in sections T-2, 
T-5, and T-8, tree OL-SO-57. 


of the sections and indicated by short lines on the charts. The factors 
or stimuli which either promote or inhibit cambial activity are very 
localized and thus result in areas of activity as small as several square 
millimeters. 

No definite clear areas exist on the charts, indicating a lack of 
a general tendency toward either absence or presence along any one 
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radius on any one of the three sections. Section T-2 (fig. 85) shows 
some small decrease in overall presence centered near the west radius, 
but this is not evident in T-5 or T-8. At all three levels it is again 
apparent that the number of partial growth layers is greater in the 
second half of the 19th century (table 70). An average of over 
seven years was recorded as partial in this tree from 1850 to 1899, 
whereas only one or two growth layers per section were partial from 
1800 to 1849. 

In general the partial growth layers in the trunk of this tree do 
not show circuit uniformity. Absent layers or characteristic sequences 
are not the same from one radius to the other at the same level. 
The absent portions of partial growth layers are scattered indiscrimi- 
nately over the circumference of the stem. These facts are important 
if cores rather than sections are studied. An entire section of a trunk 
seems necessary if accurate knowledge of the true characteristics of 
cambial growth is to be gained. A core gives but one of many his- 
tories of cambial activity registered in xylem growth at any one level. 

Figure 87, showing the lenses in the branches of OL-SO-5/, re- 
veals not only many more partial growth layers than in the trunk, 
but also the prevalence of totally absent rings. The lower branch 
(Branch 1) was extremely difficult to study and to match with the 
chronology of the trunk. Valuable clues as to the identity of growth 
layers were derived, not from ring sequences or from thickness rela- 
tionships, but from other structural characteristics, such as thickness 
of densewood, color or distribution of pigmentation of densewood, 
regularity of outside margin, and character and number of resin ducts. 
This was made possible by familiarity with the structural details of 
a given tree after thorough study of many sections, and only then 
was their “individuality” and exact position in the sequence known. 
It seems evident that dating of branch material would be very ques- 
tionable if not impossible unless great amounts of both branch and 
trunk material were available for intensive study. 

Table 71 shows that of the 165 growth layers in Branch 1, 23 
are included in the lenticular record. This contrasts with 13 growth 
layers which are included for the same span of years in the trunk. 
In addition, a greater number of growth layers, not included here, 
had absent regions for only a very small percentage of the circuit. 
Of the 22 years recorded (fig. 87), 8 are totally absent. 

In the branches the pith is consistently above center and the 
average growth-layer thicknesses in the down radii for all branch 
sections are 20 to 50 percent greater than the average of the thick- 
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nesses of the growth layers on other radii. In Branch 1 the down 
radius averages 50 percent greater thickness and would be expected 
to be the location of partial growth layers. Figure 87 shows 
a slight tendency in this direction with nine growth layers being 
present for the major percentage of the 90-degree arc using “down” 
as center; eight growth layers for the arc around “east”; six for 
“west”; and three for “up.” If the “arcs of absence” between the 


T-9 


Fic. 86.—Circuit uniformity among partial growth layers, or lenses, in sections T-2, 
T-6, and T-9, tree OL-S-62. 


lenses are noted on figure 87, it is clear that the arcs are dispersed 
over all radii. 

In contrast to the characteristics exhibited by the trunk sections, 
cambial growth in the branches is more uniformly distributed and less 
localized. All three sections charted in figure 87 (1-A, 1-E, 1-C) give 
the impression that growth here is somewhat more consistent, Al- 
though there are a number of short lines on the charts indicating 
small patches of xylem, the longer lines definitely predominate. This 
is especially true in section 1-C and 1-E (fig. 87). 

Branch 2 (fig. 87, 2-A) contained comparatively few growth layers, 
the earliest dated as 1880. Hence, fewer partial growth layers are 
recorded. A notable characteristic is the absence of short lenses, 
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Fic. 87.—Circuit uniformity among partial growth layers, or lenses, in branch sec- 
tions 1-A, 1-C, 1-E, and 2-A, tree OL-SO-57. 
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which indicates more consistent areal distribution of growth. But 
there is no more uniformity in the distribution of segments present 
here than elsewhere. Lenses are not confined to any one radius. 

Since helical grain is not evident in the trunk of OL-SO-57, the 
absence of circuit uniformity is not related to a possible spiral path 
of cambial activity. This suggests that growth layers seem to com- 
plement each other in thickness through the years on any one radius. 
Circuit uniformity decreases in the process of compensation which 
maintains a reasonably uniform cylinder. 

Figures 86 (trunk) and 88 (branches) illustrate the circuit dis- 
tribution of partial growth layers in OL-S-62. The charts show less 
lenticularity in this tree than in the other two, not only in fewer 
partial growth layers but also in a smaller percentage of absence per 
layer. Growth patterns indicate that the activity of the cambium 
of OL-S-62 was not as localized in time or in space as in the other 
two trees. With the exception of growth increments labeled 1904 
and 1857 there is little evidence of the great number of very short 
lenses found in the other two trees. 

No definite vertical clear areas, indicating uniformity of absence 
along certain radii, are noticeable in OL-S-62. The distribution of 
lenticularity is as a rule not the same from one radius to the other. 
This tree therefore emphasizes that various cores from the same 
tree at the same height will give different growth histories. 

The lenses as shown in figure 88 are in general longer than in the 
trunk. In this tree, as in the other two, there is more absence in the 
branches—more layers are classed as lenticular and more layers 
are completely absent. The upper radii show slightly more absences, 
but this is by no means consistent, particularly in the later years. 
The amount of lenticularity in the two branches made it difficult to 
correlate them with chronologies established by merging the trunk 
records of these and other trees of the region. Growth layers of 
branches are highly irregular in certain respects in comparison with 
those of the trunk and at the same time carry a more intensified 
ecologic record. 

In comparing the lenticular growth layers of the three trees it is 
apparent that OL-B-42 records the most absence both in the number 
of layers and in the average amount of absence per growth layer 
(table 69). For instance in T-2 of OL-B-42 there are 24 partial 
growth layers (fig. 84); in T-2 of OL-SO-57, 16 partial growth 
layers (fig. 85) ; and in T-2 of OL-S-62, 13 partial growth layers 
(fig. 86). All three trees grew in the lower forest border of the 
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Fic. 88.—Circuit uniformity among partial growth layers, or lenses, in branch 
sections 1-A, 1-C, 1-E, and 2-A, tree OL-S-62. 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 209 


ponderosa pine zone, but tree OL-B-42 grew slightly nearer the 
lower forest border and slightly lower in altitude than the other 
two. The influence of topography and soil gave soil moisture of 
greater amount and less intense fluctuation for OL-S-62 than for 
OL-B-42. Tree OL-SO-57 occupied an intermediate position with 
respect to soil moisture. As field evidence has suggested, the pat- 
tern of growth in the three trees shows that the incidence in time 
and space of partial growth layers gives a delicate index of growing 
conditions. 

Aside from the above differences, the three trees were much alike 
in showing little circuit uniformity among partial growth layers and 
no concentration of absent portions of partial growth layers on any 
radius or compass direction. It is impossible to predict the radial posi- 
tion of alens. This lack of uniformity is such that at any one level in 
a tree, many single growth histories could be derived from as many 
individual cores. 

The cause or causes of lenticularity are not centered on factors 
that are directional, such as temperature of the bark, source of water 
from the roots, or competition. 


VERTICAL UNIFORMITY AMONG PARTIAL GROWTH LAYERS 


Studies of vertical uniformity in partial growth layers were made 
in two ways: 1, By comparing the lenticularity charts of the sections 
of each tree, thus noting the collective similarities and differences 
that exist from one level to another; and 2, by assembling in one 
chart the characteristics of one specific growth layer for all levels of 
the tree at which it is present. The original charts (figs. 84-88) are 
used for the first comparison and a group of typically partial growth 
layers (figs. 89-93) for the second. 

Trunks.—The three sections from OL- B-42 (fig. 84), T-2, T-6, 
and T-9, vary considerably in the number of partial growth layers 
(table 70). Section T-2 records 24 of the 50 growth layers that are 
partial in at least one of the sections. Section T-6 records 17 out of 
46 layers, and T-9 records 22 out of 35 layers. The sections, of 
course, will vary in the number of partial layers that could be 
present because there are progressively fewer total layers toward 
the top of the tree. These figures show that mid-tree, as typified 
by T-6 (fig. 84), possesses lenticularity in only 37 percent of those 
layers which are partial somewhere in the tree; T-2, representing 
the lower portion of the tree, contains 48 percent; and T-9, in the 
upper portion, shows 63 percent lenticularity. 
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The mid-sections also have fewer completely absent growth layers; 
only three are recorded for T-6, but five appear in T-2 and seven in 
T-9. The latter figure is significant because of the relatively small 
total number, 35, of typically partial layers. 

In addition, the charts of the above three sections show other vari- 
ations. The lower sections (for example, T-2) are characterized 
by many short lenses, some growth layers appearing and disappear- 
ing as many as 24 and 32 times in the course of the circuit (1822 
and 1882 respectively). Mid-sections (as T-6) are intermediate, 
with a moderate number of short lenses combined with longer lenses. 
Section T-9 shows very few short lenses; the highest number for 
any one growing period is seven (1904), but most layers average 
two or three. 

These results indicate that the lower levels of the trunk possess 
many more localized areas of growth and that the higher levels record 
a higher percentage of lenticular layers and a greater number of 
totally absent layers. 

Further observations indicate that growth was extremely incon- 
sistent in tree OL-B-42. Although the total number of partial 
growth layers is 54, only 20 of these are lenticular in four or more 
sections, 25 are lenticular in only one section, and 8 in only two 
sections (table 70). These figures show that growth varies at dif- 
ferent levels of the tree. 

In those partial layers represented in sections T-1 to T-10 there is 
a great difference in the total amount of absence for a single layer. 
This varies from no absence for layers 1947 and 1936 (lenticular 
only in T-12 and T-13) to complete absence in all sections for layers 
1880, 1879, and 1857. It is difficult to see how the totally absent 
growth layers, as well as those present over less than 10 percent of 
the total possible area, can be assumed to be annual increments. In 
order to be consistent and to reconcile this tree with the chronology 
of the region, three layers had to be considered totally absent, and 
two others almost totally absent. 

The above observations make it clear that little if any vertical uni- 
formity can be demonstrated in OL-B-42 with respect to partial 
growth layers because their location changes from one level to the 
other. The history of growth, as written in the number of xylem 
layers, varies according to the level studied. 

The three sections chosen for specific comparison in OL-SO-57 
are T-2, T-5, and T-8 (fig. 85). Tree OL-SO-7, as stated previ- 
ously, does not possess as many partial layers as does OL-B-42 
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(table 70). Although the two trees are approximately the same age, 
OL-SO-57 possesses only 19 layers that are lenticular in at least 
one section in contrast with OL-B-42 which has 54. Of these 19, 
T-2 records 16 as lenticular, T-5 has 12 of 18, and T-8 has 11 of 
13 layers that could be represented because of age of sections; the 
respective percentages are 84, 67, and 77. 

The record of growth in this tree indicates a more subdued pat- 
tern, but the same trends are present here as in OL-B-42. The center 
section of OL-SO-57, as in OL-B-42, has fewer partial growth layers 
than the lower or upper sections, but the difference between the sec- 
tions is not as great. In addition, T-2 has two layers completely 
absent and six more with only 50 percent or less of the circuit pres- 
ent; T-5 has none completely absent and four with 50 percent or 
less present; and T-8 has none absent and five with 50 percent or 
less present. These figures show that OL-SO-57 has a more uni- 
form record of growth vertically than does OL-B-42. 

Comparison of the sections in figure 85 shows a tendency toward 
more short lenses in the lower sections, an intermediate number in 
the central sections, and fewer but longer lenses in the upper sec- 
tions. The upper sections also show longer gaps between the long 
lenses. A higher percentage of absence and more numerous lenses 
exist in sections from the lower portion of the trunk; the increase 
in length and decrease in number of lenses are not always directly 
proportional to the increase in height above the ground. 

The amount of absence among partial growth layers ranges from 
zero (T-2, 1900) to 100 percent (T-2, 1902). The range in amount 
of absence for specific layers is somewhat different for various 
heights in the trunk, the middle sections of the tree being the most 
extreme. Section T-4 possesses five entire and two completely absent 
layers, section T-7 possesses five entire and no absent layers, section 
T-10 possesses three entire and no absent layers. The fact that the 
middle sections of the tree show the greatest tendency for partial 
growth layers to be either entire around the circuit or else wholly ab- 
sent may possibly be of use in future work in distinguishing annual 
from intra-annual growth layers ; that is, if some lenticular layers are 
annual and others are intra-annual, one would expect the annual to 
be entirely present and the intra-annual wholly absent in the mid- 
portion of the trunk. 

The three sections chosen for comparison in OL-S-62 are T-2, 
T-6, and T-9 (fig. 86). Although this tree is only 8 years younger 
than OL-SO-57 and 29 years younger than OL-B-42, it possesses 
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less lenticularity than either of the others, both in number of par- 
tial layers and in amount of absence in each partial layer (table 70). 
In at least one section of the tree 21 layers are lenticular, whereas 
only 9 layers are lenticular in more than three sections. No layer 
is completely absent on any one section. Of all the partial layers in 
all sections only three are absent for more than 300 degrees. 

Lenticularity decreases from the lower to the upper sections of the 
tree. In T-2, 13 out of 21 layers are lenticular, or 62 percent; in 
section T-6, 8 out of 18 layers, or 44 percent; and in section T-9, 
3 out of 11 layers, or 27 percent. As in OL-SO-57, comparison of 
the sections in figure 86 shows a tendency toward fewer short lenses 
in the upper sections of the tree, with the possible exception of the 
1904 growth layer which shows sporadic growth throughout. The 
upper sections are characterized by longer lenses, whereas the lower 
sections are characterized by a higher percentage of absence and 
more numerous lenses. Increase in length and decrease in number 
of lenses are more directly proportional to increase in height above 
the ground in OL-S-62 than in either of the other two trees. 

The range in the amount of absence for specific layers is not as 
great in OL-S-62 as in the other trees, a fact one would expect be- 
cause this tree has more uniform growth and a minimum of 
lenticularity. 

Degree of lenticularity—The degree of vertical uniformity for 
specific layers in the trunks of the three trees is illustrated in figures 
89-93. In these figures each characteristically partial layer is plotted 
separately for the presence of lenses for each successive trunk sec- 
tion. Individual layers were thus analyzed without the interference 
of other layers. All partial layers were plotted on first analysis, but 
atypical lenses and atypical growth here and there in the trees were 
eliminated in the final figures here given. 

Final data consist of 54 partial layers for tree OL-B-42, 14 of 
which are illustrated in figures 89 and 90; 19 for tree OL-SO-5/, 
13 of which are shown in figures 91 and 92; and 21 for tree OL- 
S-62, 11 of which are shown in figure 93. Five layers (1904, 1880, 
1879, 1857, and 1847) are commonly lenticular in all three trees. 
The area in the tree covered by these lenticular layers ranges from 
99 percent to less than 5 percent. The lack of vertical uniformity 
in the position of the lenses is shown on the charts by the absence 
of any consistent starting and stopping of the lines at the same radii. 

Although vertical uniformity can be of a high order in some 
instances for several sections in sequence, there are just as many 
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Fic. 89.—Longitudinal uniformity among partial growth layers, or lenses, dated 
as 1913, 1904, 1882, 1881, 1880, 1879, 1877, and 1871, from designated trunk sections 
of tree OL-B-42. 
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Fic. 90.—Longitudinal uniformity among partial growth layers, or lenses, dated 
as 1864, 1859, 1857, 1847, 1822, and 1813, from designated trunk sections of tree 
OL-B-42. 
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Fic. 91.—Longitudinal uniformity among partial growth layers, or lenses, dated 
as 1904, 1902, 1901, 1900, 1899, 1881, and 1880, from designated trunk sections of 


tree OL-SO-57. 
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Fic. 92.—Longitudinal uniformity among partial growth layers, or lenses, dated 
as 1879, 1873, 1864, 1859, 1857, and 1847, from designated trunk sections of tree 
OL-SO-57. 
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Fig. 93.—Longitudinal uniformity among partial growth layers, or lenses, 
dated as 1904, 1880, 1879, 1878, 1877, 1857, 1846, 1787, 1773, 1769, and 1735, from 
designated trunk sections of tree OL-S-62. 
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cases in which a section has a lens on a certain radius and the next 
section has none on the same radius. In general, no growth trend 
was found. Figures 89-93 illustrate the previously mentioned greater 
degree of absence in the lower sections of the trunk and in the inner 
sections of the branches. This observation holds true regardless of 
whether the growth layer was formed early or late in the life of 
the tree. 

The charts of more than a hundred partial layers reveal great 
variation in the areas of the partial layers present in the trunks of 
the three trees, areas which vary from 0 to 99 percent. The growth 
layers that are almost entire are too numerous to be shown on the 
figures. In contrast, figure 91 shows two growth layers, 1899 and 
1880 of tree OL-SO-57, which are absent except for a very small 
percentage of the trunk. Figures 89 and 90 show even more ex- 
treme absence for the growth layers of 1881 and 1847 in OL-B-42. 
Such absence culminates in figure 89, where the growth layers for 
1880 and 1879 in OL-B-42 are entirely absent on all the sections. 

Branches.—As mentioned previously, the two branches taken from 
tree OL-B-42 were not “readable” in terms of their trunk or of the 
other trees. 

Figure 87 and table 71 illustrate the partial growth layers in the 
branches of OL-SO-57. Comparison of section A from Branch 1 
(fig. 87) with section C and with section E reveals another example 
of the decrease in the amount of absence in partial layers toward 
the tip. The remaining sections fit into a regular, progressive trend 
in which the amount of ring absence is inversely related to the dis- 
tance from the branch base (table 69). Conversely, it can be demon- 
strated that the number of entire growth layers in successive branch 
sections is directly related to the distance from the branch base. 
Section A thus has 1 entire ring (4 percent) in the group of 23 
layers shown as partial somewhere in the branch, section B has 4 
of 23 (17 percent), section C has 6 of 22 (27 percent), D has 14 
of 22 (64 percent), E has 10 of 19 (53 percent), and in section F 
all the layers (2) are entire. 

The number of totally absent growth layers decreases with dis- 
tance from the branch base, but not directly so. For instance, the 
number of totally absent layers drops suddenly from eight in sec- 
tion A, to one in section B, none in C, one in D, and none in E 
and F. The sudden drop in section B is partly due to an injury in 
1895, visible in the upper radius on this section. The wound stimu- 
lus from the injury apparently was effective for several years and 
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appeared to be responsible for the appearance, at this particular 
place in the circuit, of the layers 1899, 1902, and 1904. These layers 
were totally absent in section T-4. This same effect was discernible 
in several other places in the tree, notably in section T-1, where an 
injury at the east radius in 1899 seems to have been accompanied 
by the development of a short lens for 1899. Aside from this, 1899 
is characteristically absent throughout the lower trunk, being present 
for only about 1 percent of this entire region. 

Comparison of the sections from Branch 1 and from Branch 2 
(fig. 87) indicates strongly that lenticularity becomes more frequent 
toward the base of a branch, as it does toward the base of the trunk, 
particularly in OL-S-62. 

Figure 88 and table 71 illustrate partial and absent growth layers 
in the branches of OL-S-62. In general, the statements made for 
the branches of OL-SO-57 hold for those of OL-S-62. Branch 1 
shows an arc of less than 45 degrees in 16 percent of the partial 
growth layers on section A, 7 percent in C, and zero percent in 
E. Short lenses as exposed on the section surfaces are more numer- 
ous toward the base of the branch. If arcs of less than 180 degrees 
and of more than 315 degrees are examined, the results are not con- 
sistent with those of less than 45 degrees: section C has the lowest 
percentage in each case. 

Totally absent growth layers are equal in number on sections A 
and C—four on each. Section E has more absent. A comparison 
of sections A and C reveals that only one year, 1904, is common to 
both sections. 

The number of growth layers entire on one or more sections but 
partial somewhere on at least one of them progresses from 14 (31 
percent) on section A, to 20 (43 percent) on C, and to 27 (69 per- 
cent) on E. Such increase agrees with that found in Branch 1 of 
OL-SO-57. 

Branch 2 of tree OL-S-62 adds nothing different to the informa- 
tion given by Branch 1. However, the percentage of growth layers 
that are partial and the average amount of absence among the par- 
tial growth layers are decidedly less than in Branch 1. No totally 
absent growth layer occurred in Branch 2, which was higher on the 
trunk than Branch 1. 

A study of branches emphasizes two things: First, that they pos- 
sess a certain degree of consistency in the change of lenticularity 
from base outward, and second, that lack of uniformity of amount 
and distribution of lenticularity in detail is even more striking than 
is the consistency. 
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Discussion.—It is interesting to note that some partial layers with 
a high degree of absence (1899 and 1880 of OL-SO-5/7, fig. 91) 
may record a high degree of presence (1899) in T-7 and 1880 in 
T-9) in certain sections. Many other growth layers also tend toward 
a greater degree of presence at the level of section T-7. In fact, the 
level of section T-7 is a center of moderately greater growth whose 
average layer thickness is 1.02 mm., approximately 10 percent greater 
than the average of the sections immediately above and below. The 
cambium at the level of section T-7 no doubt was active for a longer 
time or at a greater rate than elsewhere in the tree; whether annual 
or intra-annual is irrelevant. Perhaps this level was close to a large 
branch and therefore received a greater supply of food materials and 
hormones. The greater average thickness of growth layers in sec- 
tion T-7 may add somewhat to the quality of circuit uniformity but 
would detract from that of vertical uniformity. 

One must look for a different explanation for the 1880 growth 
layer of T-9 in tree OL-SO-57 (fig. 91). This layer is more than 
95 percent present at this level but averages far less than 10 percent 
at all other levels. The growth layers of T-9 do not show a greater 
average thickness. Obviously the factors that caused this compara- 
tively excessive growth for 1880 in T-9 were active only at this level 
and only for this one year. 

Figure 92 illustrates the growth layers of 1859 and 1847 in tree 
OL-SO-57. They are characteristically lenticular throughout the 
tree and may be regarded as typical layers with medium lenticularity. 
Growth is very sporadic and the “layer” actually consists of hun- 
dreds of small patches of xylem. Both growth layers illustrate well 
the previously mentioned increase of absence in the basal sections. 
For instance, the layer 1859 especially shows where a single layer 
is very spotty at the base and almost entire in the upper portions 
of the tree. The same holds true for the layers 1904 and 1880 and 
1847 and 1773 of tree OL-S-62 (fig. 93). Obviously, the same 
causative factors were active for this tree as for OL-SO-5/. 

Tree OL-B-42 shows some interesting deviations from the above 
observations. Although layers 1877 (fig. 89) and 1822 (fig. 90) 
conform quite well to the pattern of growth found in the other two 
trees, other layers show very different trends. Attention is drawn 
to layer 1904 (fig. 89), where presence increases in the lower sec- 
tions of the tree; to 1882, where the longest lenses are found on 
the first and tenth sections; and to 1871, where growth is more spo- 
radic in the lower sections and more absence exists in the upper sec- 
tions. Finally, layers 1864 and 1859 and layer 1813 (fig. 90) have 
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longer lenses and more consistent growth in the center sections of 
the tree. The cambium of these three trees obviously reacted differ- 
ently from each other and from one section to another in the same 
tree. 

The distribution of lenses and their areal variation from almost 
entire to almost absent makes it difficult to support the supposition 
that these growth layers represent annual increments. This would 
necessitate holding to the hypothesis that for three consecutive years 
the entire cambium of the tree put down xylem over only about 3 
percent of its total area in one year out of the three-year period, and 
failed completely to lay down any xylem during the other two sum- 
mers. Cases are known where certain regions of the cambium have 
been inactive for some time, but these trees usually were carrying 
on a marginal existence. Tree OL-B-42, although it appeared to be 
carrying on such an existence, was healthy and growing well. 

The series of growth layers at and near the end of the 19th cen- 
tury became thin, and in many cases lenticular, in all the trees of 
the area. There can, however, be no positive proof as to whether 
these thin diagnostic growth layers are annual or intra-annual until 
such time as a recurrence of conditions will cause the formation of 
similar growth layers, in the Flagstaff area, in trees under constant 
observation and annual sampling. 


ANNUAL GROWTH LAYERS AND MARGINAL ANALYSES 


Since only variable sequences, possessing certain rather isolated 
diagnostic layers, are “readable” and therefore useful in crossdating 
and chronology building, dendrochronologists must choose sequences 
that possess thick and thin rings. Trees with such sequences are 
commonly found in sites where growth factors seldom reach optimum 
and where the variable impact of limiting factors causes variability. 

Structural variations, which always accompany variable sequences, 
are sometimes very difficult to interpret. Several of the most diffi- 
cult questions to be faced are: 1. What actually constitutes a true 
seasonal growth increment, and are there any objective, definite cri- 
teria by which these annual layers may be recognized? 2. Can “‘miss- 
ing” layers always be detected? 3. Even if crossdating exists among 
trees in any area, does this necessarily prove beyond question the an- 
nual nature of the layers involved? 4. Does our knowledge of physi- 
ology, anatomy, and ecology support the long absolute chronologies 
built up by dendrochronologists? The whole structure of chronology 
building depends upon the correct answers to these and other ques- 
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tions. If prehistoric wood specimens from Indian ruins of the South- 
west are to be accurately dated, and if prehistoric climate is to be 
reconstructed, an accurate dating system must be attained. Such a 
system must assign definite calendar dates to each growth layer with 
some assurance of accuracy. 

All the workers in dendrochronology have not been botanists, and 
acquaintance with the literature brings with it the conclusion that 
the botanical problems involved have not always been fully recog- 
nized and that analyses and methods of approach to a very complex 
matter have been oversimplified. There is still belief that crossdat- 
ing is sufficient proof of the annual nature of an increment and that 
the formation of a distinct growth layer is necessarily an annual 
phenomenon. Drought, frosts, distribution of food reserves, and other 
factors have not been recognized as causes for definite cessation of 
growth in the middle of an actual growing season. 

Crossdating may in some cases help to determine where layers 
may have failed to form in some sections of a tree. It is very doubt- 
ful it any botanist would consider cambial activity to be a simple 
process which regularly begins over an entire tree at a specific time 
in spring, runs a steady course, and ends at a definite time in summer 
or autumn. No exclusively annual rhythm of the cambium has been 
proved. Trees do not necessarily have only one rest period a year 
and only one uninterrupted “growing season”; in fact, many inves- 
tigators have published proof to the contrary. 

A failure to understand and to evaluate the basic principles of 
plant physiology, ecology, and especially the importance of cambial 
activity as related to the total metabolism and general economy of the 
tree seems sometimes to make itself evident. An adequate grasp of the 
concepts that different localities produce different responses and that 
principles or chronologies gained in one region do not necessarily 
apply to other regions emerges only from an intensive study in each 
separate region. Comparisons have been made by some students 
_between records from localities more than 1,000 miles apart, and 
results were obtained, apparently, by assuming that trees react in the 
same manner to identical limiting factors regardless of their location. 

That trees, even in the same locality, will respond each to its own 
combination of factors has been shown by Glock (1950) in compar- 
ing growth sequences of trees that grew various distances apart. 
Working with trees that grew near Holman Pass, north-central 
New Mexico, he found that the disagreement of sequences increased 
with increasing distance apart, and in this case distance was measured 
in yards and not in miles. 
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Much of the basic difficulty appears to arise from the fact that 
the complete analysis of a dissected tree is necessary to learn its 
growth history. This is a long and laborious task that is seldom un- 
dertaken even in beginning the study of growth responses in one 
locality. As a result, conclusions have been drawn from relatively 
meager material, and a true appreciation of the tremendous varia- 
bility found, even in one tree, is sometimes not realized. 

The solution to the problem of positive detection of partial layers 
can commonly be obtained by a study of an adequate amount of 
material from the stem of a tree. Even this, however, may not 
suffice—for example, tree OL-B-42 with its 15 sections. 

A second, much less reliable, method of proof for the existence 
of an absent layer, has been the comparison of specimens from many 
trees in the same general locality. The reliability of this method is 
in direct proportion to the number of trees studied and the number 
of specimens used from each tree. However, this method involves 
the inclusion of genetic differences in individuals and the differences 
in response that probably exist among trees. It also includes differ- 
ences in microclimate and soil, even between individuals that grow 
very close to each other. This kind of work has usually been based 
on core samples rather than sections because cores do not require the 
destruction and dissection of an entire tree. 

The most important problem concerns the nature of a true sea- 
sonal growth increment and the valid principles and assumptions by 
which annual or intra-annual growth layers are distinguished. For 
this, there is no simple solution. Various investigators have obtained 
absolute dates from tree-ring records by accepting crossdating as 
final proof. 

This method seems to fall short on two counts. First, it is diffi- 
cult to understand how crossdating has any relation to the annual 
or intra-annual nature of a layer. Is there any proof that growth 
factors which commonly produce one sharply bordered growth layer 
a year cannot on occasion do so two or more times in one calendar 
year? If these growth factors are widespread, why should not the 
effects be present in many trees of a stand? Second, when there is 
such a high degree of structural differences in so-called “sensitive” 
trees that a continuous series extends from the extreme of variability 
and lenticularity to that of uniformity and entirety, where may the 
objective, arbitrary line be drawn in this series separating true annual 
growth layers from intra-annuals with any degree of certainty? 

The resolution of this critical problem is one of the major objec- 
tives of the present study. Measurements, detailed morphological 
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analyses, and particularly experimentation and prolonged observa- 
tion of the same trees over many years will, we hope, permit positive 
identification of those layers formed during the observation period, 
thereby giving us a better understanding of the problem. 

For those studies which are primarily morphological, the problem 
of recognizing the annual increment involves the analysis of the 
outer border of the densewood (or summer wood) and the relation- 
ship that various growth increments bear to each other. The prob- 
lem is aS important as the correct determination of absent rings, 
for it involves making a proper chronology of the years. It is also 
difficult because the same conditions that bring about readable growth- 
layer sequences also result in the production of absent layers, par- 
tial layers, and false or double rings. What are the definite criteria 
by which a false or double ring may be distinguished from two 
annual growth layers? A realization of the variability of marginal 
definition existing in one tree illustrates the difficulties encountered 
in assigning definite dates to certain growth layers. 

The correct identification of uncertain growth-layer margins has 
been approached in the past by thorough comparison and crossdat- 
ing among different specimens from the same tree and from differ- 
ent trees of the same locality. Douglass (1940) used certain prin- 
ciples in order to arrive at absolute dates for the chronology of the 
Flagstafi area. The criteria used by Douglass were derived from 
his early work with ponderosa pine. He found that for normal 
years the spring or lightwood merged into densewood and that the 
latter terminated abruptly in a sharp outer face against which the 
next year’s lightwood had been placed. When double rings were 
formed, implying an interruption of growth processes making light- 
wood at some time during the growing season, he found that the 
interruption did not result in an abrupt discontinuity but in a grad- 
ual transition outward from the premature densewood into light- 
wood cells again. Thus he thought the infallible criterion for iden- 
tification of false rings to be a hazy outside boundary for the 
densewood in contrast with a sharp outer boundary of a true annual. 

The above criterion was supported by a secondary one which main- 
tained that the characteristic position of a false densewood is always 
far out in the annual growth. Therefore if a questionable dense- 
wood is just inside a sharply margined densewood, it is intra-annual 
or false, but if it is just outside a definite boundary and within the 
next lightwood outward it is an annual. 

As was previously stated, the three O’Leary trees were dated on 
the basis of the Northern Arizona chronology as worked out origi- 
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nally by Douglass. We conscientiously followed his criteria for the 
identification of all doubtful growth layers. The sequences thus 
dated agreed in the main with the established chronology (Douglass, 
1937): 

However, during our studies it was in many cases very difficult 
to apply the two criteria for the identification of the annual incre- 
ment because of the great range of variation among our trees and 
because of complete gradation throughout. For example, growth 
layers possessed margins that varied from diffuse to very sharp. 
Certain layers which were at one end of the range of diffuseness had 
to be called annuals in some cases and intra-annuals in others in 
order to follow the chronology. The same held true for rings at 
the other end of the range. The criteria appeared reasonable and 
decisions seemed logical and valid for about 90 percent of all 
growth layers. However, since contrasting cases did exist, a defi- 
nite doubt began to form as to whether these criteria could actually 
be applied without exception, and, if universally applied, whether 
the dating is reasonably free from error. 

Certain sections from OL-SO-57 were used, although many simi- 
lar cases of variation calling for doubtful decisions were encountered 
in all three trees, particularly in OL-B-42, and in their branches. 
Tree OL-SO-57 was chosen because its characteristics and site fac- 
tors were intermediate. No attempt was made to illustrate only 
extreme cases. The following discussion shows the normal difficulties 
in distinguishing between annual increments and intra-annual growth 
layers. 

The photographs here reproduced were taken directly from the 
wood surfaces after they were polished. They show the detail of 
cellular organization as seen through a stereoscopic microscope. The 
15 photomicrographs (pls. 6-13) illustrate a few of the variations 
in growth-layer characteristics brought out by careful analysis. 

Plates 6 and 7 show a series of growth layers which are classi- 
fied as intra-annual in accordance with the Arizona chronology. In 
plate 6, figure 1, layers of densewood with diffuse margins lie within 
the lightwoods of the increments labeled 1723 and 1724. These 
densewood bands apparently identify a period of change in growth 
processes during the growing season when the bands of densewood 
were laid down. The increment for 1723 shows just a hint of a 
wide mid-line, whereas that for 1724 has a more definite intra- 
annual densewood. Although the intra-annual or “false” ring in 
1724 is outside, or closer to, the sharp densewood of 1723, it has an 
outer border which is too diffuse to be considered a true annual. The 
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two cases illustrate the slight structural variations which form the 
beginning of a continuous series from an unmodified simple layer 
to an increment which could be two layers. Although the decision 
concerning 1724 may seem doubtful to some students, the dense- 
wood in question appeared clearly intra-annual, based on the char- 
acteristics of these layers throughout the entire tree in reference to 
the standard chronology. 

Plate 6, figure 2, and plate 7 show that a decision as to the proper 
identification of false rings becomes progressively more difficult and 
may be accompanied by an increasingly greater possibility of error. 
Plate 6, figure 2, illustrates a more definite mid-line in the light- 
wood of 1755. The densewood of the false annual ring is heavy and 
distinct ; its outer and inner margins are rather abrupt and distinct, 
but the transition into and out of the densewood band covers several 
cells. The outer margin is considered too diffuse to be called the 
densewood of a true annual. Cases of this kind, however, illustrate 
that it is not rare for certain growth factors to cause the formation 
of densewood during a regular growing season. Ordinarily the 
abruptness terminating the densewood of an intra-annual is less than 
that which terminates the annual, but the quantitative difference may 
be difficult to measure at times. 

Plate 7, figures 1 and 2, illustrate the same growth layers on sec- 
tion T-3 of OL-SO-57. A comparison shows differences that exist 
between the northeast radius (pl. 7, fig. 1) and the east radius (pl. 7, 
fig. 2). On this section and for these years, the actual distance be- 
tween the two figures on the wood is about 2 inches. The increment 
labeled 1786 on the northeast radius shows two bands of densewood 
(pl. 7, fig. 1), the inner one having diffuse inner and outer margins. 
On the east radius (pl. 7, fig. 2) the inner band has merged com- 
pletely with the outer. These morphological variations appear and 
disappear as a ring if followed around its circuit much in the same 
manner as lenticular layers. 

The mid-line or intra-annual band of densewood in 1785 is rather 
thin and definite on the northeast radius (pl. 7, fig. 1) but very 
definite and much closer to the chief densewood band of the annual 
increment on the east radius (pl. 7, fig. 2). The outer margin of 
this intra-annual of plate 7, figure 2, would be considered sharp 
enough for an annual because transition from densewood to light- 
wood occurs within one row of cells. Some students might insist that 
this band terminates an annual increment, but the densewood in 
question lies just inside the strong band of densewood and is there- 
fore intra-annual according to the second of our criteria. 
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The band of densewood in the increment for 1785 on plate 7, 
figure 2, is very narrow, but this in itself means little since frequently 
the densewood of an unquestioned annual increment is equally nar- 
row and at places the entire increment may be only several cells 
thick. The series indicates that a great amount of material from one 
area is necessary for the proper analysis of certain features in a 
specific chronology. Even so, it is questionable whether exact dates 
may be arbitrarily assigned to certain diagnostic growth layers in a 
long sequence. 

The series of densewood bands (pls. 6 and 7) shows that the ex- 
treme variability, which exists throughout the tree with regard to 
grosser characteristics, is also present in very important microscopic 
details. The intra-annual of 1785 in some portions of its existence 
has an outer border in some places more distinct, in others less dis- 
tinct, than in the photographs. The layer was chosen as an example 
because it was a problem layer with high variability throughout the 
tree. It illustrates the difficulty of drawing an arbitrary line some- 
where in the series of variations, a line to one side of which all 
less sharp are intra-annuals and to the other side of which all more 
sharp are true annuals. 

Plates 8 and 9 and plate 10, figure 1, illustrate the variations in 
growth layers which are considered annual. Plate 8, figures 1 and 2, 
and plate 9, figure 1, illustrate the increments dated as 1855-1860 at 
the levels of sections T-1, T-3, and T-4. Attention is called especially 
to the growth layers for 1857 and 1859. In plate 8, figure 1, section 
T-1, the growth for 1857 consists of a layer two to three cells thick 
which lies against the outer face of 1856. Its presence is revealed 
here by careful examination, by comparison with other parts of the 
section and tree, and by the visibility of the individual cells. Be- 
cause the thin layer for 1857 lies outside the heavy band of dense- 
wood for 1856, it was interpreted as annual in conformity with 
the standard Northern Arizona chronology. Is it possible that the 
thin layer of cells was actually postseasonal growth, that is, cells 
added on after the chief growth flush of the 1856 season? 

The layer for 1857 on section T-3 (pl. 8, fig. 2) is somewhat more 
distinct and thicker than on section T-1 (pl. 8, fig. 1), but it is still 
closely allied to the densewood of 1856. Neither figure on plate 8 
carries unequivocal evidence of the annual nature of the 1857 layer. 
In plate 9, figure 1, section T-4, the layer for 1857 possesses defini- 
tion as sharp as anywhere in tree OL-SO-57. Although two or three 
lightwood cells separate its densewood from that of the previous 
growth layer (pl. 9, fig. 1), the 1857 layer could easily be interpreted 


228 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145 


as intra-annual. This is true except that it lies outside the sharply 
defined densewood of 1856 and should be annual if we follow the 
criteria of dating previously stated. However, studies at the extreme 
lower forest border have emphasized the intra-annual character of 
such “outer thin” growth layers (Glock, Studhalter, and Agerter, 
1960). 

Plate 9, figure 2, and plate 10, figure 1, also contain examples of 
narrow growth layers, 1752 on the former photograph showing a 
relatively thick band of densewood, and 1820 on the latter showing 
a thin band of densewood. By the standard criteria these growth 
layers are interpreted as annual because the Northern Arizona 
chronology was used as a point of departure. However, we believe 
their annual nature to be in doubt. 

In plate 8, figures 1 and 2, plate 9, figure 1, and plate 10, figure Z, 
the narrow growth layer labeled 1859 must be interpreted as such 
in order to fit into the regional chronology. This growth layer, it 
should be emphasized, possesses a heavy band of densewood, lies 
just outside a less heavy, less sharp band of densewood, and compares 
favorably with the situation in the increment of 1785 (pl. 7, fig. 2), 
with its two bands of densewood in one year. The growth layer for 
1859 may appear more definite in other trees and its annual nature 
may seem more certain, but the fact remains that in our three trees 
the distinguishing characteristics for annual and intra-annual growth 
layers overlap at the extremities of their range of variation. The 
arbitrary application of criteria to small amounts of wood material 
and to regions where the specific nature of tree growth has not been 
fully investigated seems open to the full possibility of error. The use 
of a large amount of material, checking and rechecking, and con- 
stant crossdating could conceivably establish a reasonably accurate 
sequence. This procedure, however, cannot be used in a region or 
between regions until details of growth have been traced day by day 
for a period of several years. Chronology building comes afier, not 
before, such investigations. 

A rather intensive study of tree growth at the extreme lower forest 
border has, it is hoped, thrown some light on the status of the doubt- 
ful annual increments here discussed (Glock, Studhalter, and Agerter, 
1960). 

Plate 11 and plate 10, figure 2, sections T-3 and T-1 of tree OL- 
SO-57, illustrate the manner in which growth layers, labeled 1773 
and 1857, disappear by apparently merging with the previous dense- 
wood. In fact, lightwood traced tangentially disappears first; dense- 
wood may continue for a distance, indistinguishable from the dense- 
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wood of the previous growth layer, or it may complete the circuit of 
the section. These particular growth layers were chosen from among 
many others more characteristically lenticular because the light- 
wood disappears abruptly and the areas can therefore be photo- 
graphed. From these illustrations it is apparent that two cores, taken 
only a short distance from each other, will have different sequences 
and that one will record the layer while the other will not. Whether 
lenticular rings as above described are always positively annual in- 
crements, or whether they indicate that the cambium has had two 
periods of activity within a single year, needs to be decided in every 
region for itself. 

Plate 12, figures 1 and 2, and plate 13, sections T-3, T-1, and T-3 
of tree OL-SO-57, form a series which illustrates the Seba of 
growth layers possessing a very thin and questionable densewood. In 
OL-SO-57 the growth layer for 1813 was one that presented a 
serious problem. Plate 12, figures 1 and 2, show the 1813 layer 
under different magnifications on different sections and at different 
radii. The questionable nature of this growth layer proved to be 
consistent throughout the tree under careful microscopic examina- 
tion. The question which is difficult to answer is whether, at the end 
of a growing season, the cambium can lay down such a small amount 
of densewood and in spots fail to lay down any at all. The inter- 
mittent and discontinuous character of the densewood can be seen 
in both figures on plate 12, although with a higher magnification (fig. 
2), every cell is larger, and the characteristic morphology is more 
apparent. Intermittency is of common occurrence in mid-lines and 
false growth layers. Does it occur in a true annual as well? 

It is significant that where the layer for 1813 can be studied in 
relation to those layers just inside and outside (pl. 12, fig. 1), the 
two layers 1813 and 1814 produce a single increment which is very 
comparable to its neighbors in width, amount of densewood, and 
general character except that it would possess a very thin mid-line. 
The thin band of densewood is in all respects a mid-line even though 
it lies closer to the densewood of 1812 than to that of 1814 and has 
a fairly sharp outer margin. The repeated occurrence of such 
morphological characteristics may well cause doubt as to the validity 
of simple dating criteria for determining an annual increment. Cer- 
tainly in our three dissected trees it would be very difficult to justify 
the annual nature of the layer for 1813. Perhaps the study of a great 
amount of material from the area would lend support to its annual 
nature, but the decision should ultimately be made, not on simple 
criteria, but upon strict botanical investigations. 
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Plate 13, section T-3 from tree OL-SO-57, permits a comparison 
of a “true” annual increment, 1813, and the intra-annual growth 
layer of 1809. The two pictures were taken from the same section 
and are chronologically only four years apart. No doubt exists as 
to their striking similarity. The simple criteria upon which the 
Arizona chronology was based here suggest that the increment 
labeled 1813 and the inner growth layer of 1809 are both annual. 
Therefore, these criteria cannot always be relied upon to separate 
annual growth layers from intra-annual. Adequate evidence from 
observation and experiment over a number of years is needed in each 
region to establish the principles by which annual increments and 
intra-annual growth layers may or may not be identified. 


IX. SUMMARIES AND CONCLUSIONS 


Summary statements have been made throughout the text ; in addi- 
tion, sections designated as summaries have brought together the chief 
characteristics of the three trees. These sections appear on the follow- 
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Growth-layer thicknesses and three parameters..................- 74 
OL-S-62 
Absolute and relative thicknesses, and trend...................-- 89 
Growth-layer thicknesses and three parameters.................. 98 
Summary comparison of three: theese a5... 2 oe ie eee 101 
Thickniesses and ‘trend. '.c ca) s.cjsiesie.s ee rels Gisele ate elt, ements 101 
Growth-layer ‘thicknesses? 2.2... Uae DS ae ea rete Pa 107 
Average: departure saciid i IB Se et ree 109 
Averave variation ony. Jaane eho eb Rec ae ee eer be 111 
Average departure from mean variation..............-+-.:--+--- 113 
Mean sensitivity, trend, and consistency.....................+---- 116 
Circuit uniformity—branches : 
OL=SOrS7 ie ea a eA Ae eng ett AS 133 
OL=S262)) OS BOQ NRE Re eae See 147 
Vertical uniformity : 
AM lol cM A ee a eer Any gn wR COL NES Se aie sos cn ge 6 184 
Summary comparisons, trunks and branches............-..02eeeeeeees 188 


Before remarks are made concerning the objectives of our study, 
as mentioned in the Introduction, it is well to point out that an in- 
crease in the number of radii, of sections, and of trees decreases 
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1. Increments dated as 1723 and 1724 on east radius of trunk section T-3 
of tree OL-SO-57. Two degrees of diffuseness on the outer margins of two 
intra-annual growth layers. A mid-line in 1723 and an “outer thin” growth 
layer in 1724. 


2. Increments dated as 1754-1756 on southeast radius of trunk section 
T-3 of tree OL-SO-57. A mid-line of 1755 more definite than that of 
1723, figure 1, above. 
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1. Increments dated as 1784-1787 on northeast radius of trunk section 
T-3 of tree OL-SO-57. Mid-line of 1785 rather thin and weak. Intra- 
annual densewood of 1786 fairly definite and separated from annual 
densewood by lightwood cells. Compare with figure 2, below. 


Increments dated as 1784-1787 on east radius of trunk section T-3 
of tree OL-SO-57. Mid-line of 1785, figure 1, is much more definite 
and farther out—1.e., closer to the annual densewood—in figure 2. 
Intra-annual of 1786, figure 1, has in figure 2 moved outward to merge 
with the annual densewood. 
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1. Increments dated as 1855-1860 on southeast radius of trunk section 
T-1 of tree OL-SO-57. This figure and plate 8, figure 2, and plate 9, 
figure 1, form a series. Layer for 1857 averages two cells in thickness, 
against the densewood of 1856. Densewood of 1858 closely resembles 
intra-annual densewood of 1785, plate 7, figure 2. Compare with plate 8, 
figure 2, and plate 9, figure 1. 


2. Increments dated as 1855-1860 on east radius of trunk section T-3 
of tree OL-SO-57. Layer for 1857 shghtly thicker and more distinct 
than it is on figure 1. Densewood of 1858, as in figure 1, resembles 
that of an intra-annual. Compare with plate 8, figure 1, and plate 9, 
figure 1. 
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Compare with plate 10, figure 1. 


2. Increments dated as 1751-1754 on west radius of trunl 
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thick band of densewood. 
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OL-SO-57. Lightwood of 1857 disappears tangentially and layer for 1857 


appears to merge with densewood of 1856. Compare with plate 11. 
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and, because of weak densewood of 1858, answers the description of 


1859 resembles layers of same date in plate 8, figures 1 and 2, and plate 9, 


figure l, 
an intra-annual growth layer. 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145, NO. 4, PL. 11 
RSIS 
() i ~ 
Ww) q N — RS 
rie A) 
f=" ts ie DE = a 
— = 7 mms me x D 
SS — Toa 
2 
os 
sroertese: — 
1. "3 8 
¢ oe 
5 Gb) 
of 
BL is 
3 +4 
© ¢ 
7 0g 
(5) 
. fa) 
I~ & 
ACS 
& 
Ow 
an 
ers 
aes 
Ss) fe) 
ae 
3S Ea 
Z 
~Y 
loo} eS 
ci, 


section 


ye ee 
DOR 


eben ee tO 


& 4 
- 


densewood. Compare with plate 10, figure 1. L 
th densewood of 1772. Compare with plate 10, figure 


Increments dated as 1771-1775 on south radius of trunk 


Mi oe 
Toms 
a 
Se 
Ton 
ay 
2p © 
Oe 
Sa 
Oo 
qe} t= 
= 
oOo n 
_ 8 
a 
"3 ey 
Se 
as) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145, NO. 4, PL. 12 


, 1816 
1815 


1814 
1813 


Isle 


1. Increments dated as 1811-1815 on east radius of trunk section T-3 
of tree OL-SO-57. Layer for 1813 with weak, nearly nonexistent, 
densewood. Could be questionable that growth layer dated as 1813 
represents an annual increment. See also plate 12, figure 2, and plate 13. 


2. Increments dated as 1812-1815 on northeast radius of trunk sec- 
tion T-1 of tree OL-SO-57. Layer for 1813 with densewood weak, 


nearly nonexistent, and where present, one cell thick. See plate 12, 
figure 1, and plate 13. 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145, NO. 4, PL. 13 


@ 
fe) o oOo 6 
© Oo: 2 


on of 1813, an annual, 


1S 


T-3 of tree OL-SO-57. Compar 


section 


ht) on trunk 


fe) 
to} 


POE MAB 


ate 


i 


ett eie 


rl nee hs Sm ; 

* ee eee 
r ag oe > Pi de 
i ie mhe 


Bese ating tg ay Maly i tend So eee 
Pe Mig be tage ebay ty 
eee Or Pet 

~< au 


fey PBs 


Increments dated as 1812-1816 (left) and 1807-1811 (r 
and the intra-annual of 1809 reveals a striking resemblance. 


+ (9) 8 
o © Je 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 231 


the degree of consistency, or trend, in absolute and relative thick- 
nesses among growth layers if the radii, the sections, and the trees 
are compared growth layer by growth layer. It is also well to 
point out that the more radii used to obtain a section average and 
the more sections used to obtain a tree average, the closer the tree 
average thus built up will approximate the true volume relationships 
of the growth layers. 

Absolute thickness —Little uniformity exists around a section or 
vertically along the trunk. A single growth layer varies by a factor 
of 2, 4, 8, or even 15. In one tree, on sections studied, there is no 
growth layer whose thickness is identical on all three radii. A 
single radius offers little opportunity to measure the true overall thick- 
nesses of growth layers. A full section offers a much better measure 
of true thicknesses than a single radius, and many sections averaged 
give the most accurate measure of thicknesses. Although the three 
trees grew in the lower forest border below what may be considered 
optimum conditions for ponderosa pine, the three trees have decidedly 
different average absolute thicknesses of growth layers, OL-B the 
least and OL-S the greatest. 

Relative thicknesses and trend—Two radii may agree with each 
other by as much as 90 percent; three by as much as 80 percent ; and 
five by as much as 77 percent. Such decreasing agreement with in- 
creasing numbers of radii suggests the strong probability that no 
growth layer in any tree stem maintains entirely uniform relation- 
ships with adjacent growth layers throughout its areal extent. 
Amount of agreement varies not only from place to place within 
a tree, but also from one time interval to another. On one section a 
60-year period has 100 percent agreement, whereas a 50-year period 
has but 60 percent. Agreement on individual sections varies from 61 
to 84 percent, being least in the upper parts of the trees. If two and 
more sections are compared, agreement drops rapidly, 11 sections in 
OL-B having only 41 percent. 

Localized comparisons among the three trees yield less agreement 
than do comparisons among the trees as units. Separate but unified 
tree records agree with each other to a greater extent than do single 
radii within a tree or between two or more trees. 

Thus, three points should be emphasized: First, a single radius 
may or may not be a fair representation of a section or of a tree 
and there is no simple way of determining accurately the degree 
of representativeness ; second, the merging of an increasing number 
of radii approaches true volume relationships; and third, agreement 
appears to be least in the upper portions of the trees where the 
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shortest growth-layer sequences exist. In an all-tree average, local 
differences in relative thicknesses may be subdued or even eliminated. 

Growth-layer thicknesses.—The north radii do not consistently con- 
tain the thickest portions of the individual growth layers. However, 
it is to be avoided if only one radius can be taken. If a section can be 
taken, it should come, where possible, from about mid-tree. 

Average departure ——The north radii of the three trees are more 
representative of the trees as a whole than are the other two, and 
sections taken from the lower half of the trunks are more representa- 
tive than those. from the upper half. In general, average departures 
in lower trunks and mid-trunks exceed those in the upper trunks. 

Average variation —tThe north radii are not the most representa- 
tive of the trees as a whole; the other radii are almost equally repre- 
sentative, the southeast radius being perhaps slightly less so than the 
other two. If sections can be taken, they should come from the lower 
trunks. 

Average departure from mean variation—tThe conclusions here 
resemble those for average variation. 

Branches—circmt uniformity—Circuit uniformity in branch sec- 
tions falls short of that in the trunk as a whole or in the trunk 
sections contiguous to the branches. In OL-SO-57, the three pa- 
rameters of average departure, average variation, and average de- 
parture from mean variation maintain values roughly equivalent to 
those of adjacent trunk sections ; in OL-S-62 the values of the three 
parameters exceed those of the trunks and of adjacent trunk sections. 

Trunks—vertical uniformity—No radius in any of the three trees 
possesses consistent vertical uniformity. With an average of three 
radii, greatest agreement resides in the basal five sections and exceeds 
the values for any single radius. Maximum and minimum growth- 
layer thicknesses are rather well scattered throughout the trunk. The 
addition of more and more sections increases the number of relative 
thickness reversals; hence one radius, or one section, taken at any 
locality in the trunk has small probability of being truly representative. 

Branches—longitudinal uniformity.—Longitudinal uniformity in 
branches resembles vertical uniformity in trunks so closely that it 
is necessary to emphasize one point only. The branches carry a 
rather sharp contrast, in the percentage of trend agreements, between 
the intervals 1825-1899 and 1900-1947. In the trunks, shorter time in- 
tervals show similar contrasts. 

Partial and intra-annual growth layers—In general, trunks and 
branches resemble each other in having near their bases the greatest 
number of lenses, the greatest amount of lenticularity, and. the 


; 
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greatest number of complete absences on the several sections. 
Branches exceed the trunks in numbers of lenticular growth layers 
and in numbers of growth layers totally absent on a section. 

Conclusions.—In extension of the summary given on page 230, the 
following points should be listed. 

1. A single radius may or may not represent the relationships 
among growth layers within the total tree; such a radius should 
be considered, perhaps, as exploratory only. 

2. A section exceeds in value any part thereof. 

3. A complete tree yields volume relationships, undoubtedly the 
true measure of tree growth. 

4. Whole trees do not necessarily agree with each other to a 
greater extent than do the various parts of a tree or similar portions 
of different trees. 

5. Overall trend agreement among the averages for the three trees 
is 52 percent; for the trees two by two it varies from 63 to 74 
percent. 

6. Tree OL-B-42 has the thinnest growth layers on the average and 
the highest values for the four parameters, average departure, 
average variation, average departure from mean variation, and mean 
sensitivity. 

7. Tree OL-S-62 has the thickest growth layers on the average 
and the lowest values for the four parameters. 

8. It is clear that the relationships given under Nos. 6 and 7 
indicate slightly more favorable growing conditions for OL-S-62 
than for OL-SO-57, and for OL-SO-57 than for OL-B-42, although 
all three trees grew in the lower forest border near the lower limit of 
the Transition Zone. 

9. Because of the greater amount and the less uniform distribution 
of lenticularity and absence in the branches than in the trunks, it may 
be that branches have less value chronologically but more value eco- 
logically than the trunks. 

10. Because of the degree of uniformity found to exist among 
radii, among sections, and among trees, it seems clear that legitimate 
correlation of growth-layer thicknesses in sequence with pertinent 


seasonal rainfall intervals cannot exceed the degree of agreement 


found among radii, sections, or trees, at least in the three trees taken 
from the lower forest border and here analyzed. Correlations ranging 
from 0.4 to 0.7 or 0.75, or from less than 50 percent up to 80, are thus 
quite understandable and may represent the highest to be expected 
with trees from the lower forest border. 
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TABLE 42*-1.—Growth-layer thicknesses, in hundredths of a millimeter, along designated radii of 
the ponderosa pine, OL-B-42, trunk section 1, 0.5 feet above ground 
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*Table 42 in Appendix is so numbered because it deals throughout with tree OL-B-42. 
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TABLE 42-2.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-B-42, trunk section 2, 
5.7 feet above ground 
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TABLE 42-3.—Growth-layer thicknesses, in hundredths of a millimeter, 
designated radii of the ponderosa pine, OL-B-42, trunk section 3, 
10.2 feet above ground 
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TABLE 42-4.—Growth-layer thicknesses, in hundredths of a millimeter, 
designated radii of the ponderosa pine, OL-B-42, trunk section 4, 
15.3 feet above ground 
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TABLE 42-5.—Growth-layer thicknesses, in hundredths of a millimeter, along designated radii of 
the ponderosa pine, OL-B-42, trunk section 5, 19.1 feet above ground 
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Taste 42-6.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radit of the ponderosa pine, OL-B-42, trunk section 6, 
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TABLE 42-6.—Continued 
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TABLE 42-7.—Growith-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-B-42, trunk section 7, 
28.3 feet above ground 
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Tas_e 42-8.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-B-42, trunk section 8, 
32.5 feet above ground 
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ponderosa pine, OL-B-42, trunk section 9, 36.4 feet above ground 
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TABLE 42-10.—Growth-layer thicknesses, mn hundredths of a millimeter, along 


designated radii of the ponderosa pine, OL-B-42, trunk section 10, 
39.7 feet above ground 
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Aes 18 20 18 19 Pn wy 146 91 40 
Zeus 14 TOW hea7 
1855 44.. LO NBT ANG Wed Batt 300 155) 173 
(ake ae AF i NOR ahD3 33 
re 0 0 0 0 1895.50) 2A 4a? O70 
a BS) unt Wy AAZ2 ee OS 6..... 89 4922 
CR aaa 0 08 7... 170 106 (59 
Seven 234 28) SaG8 
R600. a i 9... pT gGks Vad? 
se ae GL A387 ini20 fy 10943 1900 Be a) As Was 
PRA 109 56 56 Ta eC MR a 
Tank 69 80°74 845 
eae 38 | LAS OMe eed prok Galas 0 
Bayi 0 One 424404 Pate a ar 
rote 0 08 0 
1865..... 40 40 40 #40 
GP: 88 4940) 0n MSO%e 6 49 1905..... 145-115. 92 
7h ee 119) Gk 469 ar 62i 183 Gr 222). 153). 97, 
SN 7 0 N69 hm PSA wi 67, Tae 200 150 91 
Oe LAG 27S 72 Se ore 202 165 2&6 
Oe 155 162 9% 
1870 98 925.) 35 53 ieig Me. 6 173 83 
Tenia 20 0 21 10 
pee 24a) 177 705 
DENN GA 125 Ui BEd» SB | 
TAR Ne 233) 102) 01 
Bi 28 o 15 14 
i Fy ea sua sarees pula: 14h 2a s 
ies Bi ZS. MOG Se aad 
1875 e BO | M28 OS shag 1915.0: fiz) 11Z0) 78 
Goon GE AV24 on Nests (Oh $42 °87-e 66 
7 19 ee Oi ee) 20 Fn 197 nl43) 79) 188 
Sond 18 9) 190 as 18 CU 201 169 113 
OMe: 0 0 0 0 OU nie 207 +192 ©1119 
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Year N. 
1920..... 156 
1 ae ae 178 
VASCA ERAT: 261 
Bie ayatats 131 
Brits 184 
1925 res 124 
Ooisckes 170 
Pcie 98 
Seba: 154 
ees 140 
1930..... 97 
Deeds rks 83 
CA aS 128 
Salles 152 
Cee hd 97 


SE. 


167 
aly, 
336 
176 
321 


151 
243 
110 
227 
282 


223 
150 
173 
146 
116 


TABLE 42-10.—Continued 


Ay. 


143 
175 
264 
138 
212 


118 
182 

91 
167 
185 


147 
113 
140 
144 

99 


Year 


1935 


eee ee 


eee ee 


se eee 


ec eee 


eee oe 


cece 


N. 
104 


152 


269 


TABLE 42-11—Growth-layer thicknesses, in hundredths of a millimeter, along 


designated radit of the ponderosa pine, OL-B-42, trunk section 11, 
43.7 feet above ground 


Year N. 
LSOSeer ae 160 
Ser kt & 62 
1900..... 46 
1 ree 32 
COREE 07 
apes 58 
A iis 10 
1905..... 81 
Goer 76 
ane aa 68 
eae 93 
Orage 54 
1910..... 94 
1 eo 192 
ZA tee 118 
Ses 22 
atte: 62 
CC eee 161 
Garey 105 
7h USSR 140 
Sie: 138 
Deis 139 
1920.0... 122 
devas 95 
Di siete 91 


Year 


eeceoe 


eeecee 


eeeece 


ee eee 


eooee 


eceee 


ees oe 


seeee 
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TasB_e 42-12.—Growth-layer thicknesses, in hundredths of a millimeter, along 


designated radi of the ponderosa pine, OL-B-42, trunk section 12, 
47.2 feet above ground 


Year N. 
WGI oc e 237 
So. aie 139 
Deiat 88 
1920)... 141 
aay 85 
Dinas 52 
Sareea 54 
Ac ste 118 
1925. sh 102 
(aes 98 
i ape 25 
Be sas 106 
ee 124 
1930... 89 
RERUN: 70 


TasLe 42-13.—Growth-layer thicknesses, in hundredths of a 
designated radu of the ponderosa pine, OL-B-42, trunk 


Year N 
19272 55.5% 73 
Bae 135 
Sa 105 
1930..... 83 
ee 32 
Zi 40 
Secu 35 
soos 40 
1935% 28 
Giles 27 
Tein: 53 


SE. 


253 
149 


SW. 


68 
129 
120 


61 
32 
38 
37 


Av. 
249 
141 

86 


Year 


eeeee 


eoees 


eecee 


eececee 


seeee 


49.9 feet above ground 


Av. 

68 
125 
115 


85 


Year 


ececoe 


eoecee 


ecoeee 


SE. SW. 
49 52 
40 52 
28 46 
22 31 
19 0 
40 36 
44 33 
43 40 
07 15 
79 89 
49 56 
28 23 
62 69 
51 43 
39 32 
36 25 


millimeter, along 


section 13, 


SE. SW. 
30. 39 
22 «18 
12°> 09 
47 p33 
+ Bling 28 
0 17 
Slag 30 
33. 20 
16 24 
LP 1G 
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TABLE 57 *—1.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, trunk section 1, 
1.2 feet above ground 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
1666. « «.!. HOR LOOM) 120), +110 1705 veers 129 O67 135 120 
Vive Beh 106 108 #8100 105 Gisedicts 59 47 78 61 
Secret Ae 55 47 58 Tossceoh 72 25 62 53 
Ones 109 74 59 81 See ae 74 37 43 51 
Oi a 37 20 30 29 

1670)...2% 57 72 35 55 
Tete 71 57 69 66 IVAW AGode 98 V [fe 96 89 
Di 3 ae 46 42 44 44 lee 202 110 106 139 
Sens tek 79 51 64 65 Dice 135 Stee 7 137. 118 
7 Pa evee 123 71 81 92 Seater 116 96 «6118 110 
A pe 90 46 43 60 

16752. pe 54 17 29 33 
6.88 45 34 36 38 WAI 6 o86 0 35 19 25 26 
1 es 85 43 53 60 Gee car 16 14 08 13 
Bosak gps 66003, 53° 79 Looe Sumas Commun Od 
g.. 3 51 28 26 35 Specs 206 149 193 183 


WM ae os igs 720: e225 ee 192 meld 
2 es len ae rs 1 145 118) 147th 137, 
Bee ice, 825) 87 | 102 eo oO ee 

; er sapet enh aa 30h ore yan) Somer 72 
oan Bie AG ag Zoe at 
et oe ehh 23,3 1725..44, 106) 9012) 92). 96 
Oa oe, pre ySh, GPR 196n1 13180 103), 4143 
Ton SoS I ee 7, SL OOM 77Wat 105, 8 94 
Gee 107. 53... 48... 69 ae eee ome Een ee 
Gieeoss 105 «110 «149 etl runes ane oy 
1690..... 180 56 67 101 1730. ke 1133y) G4eae (SO. 86 
1..... S56 36h 42. 34 ae 5SOay SSues 3%. @ 42 

Die satis 124 70 95 96 eae 07 69 44 70 
me 133) 62, 78", 91 Pans qo Bye GN a. 63 
Bees 200 59 91 38117 Aerie 132 86 Sk 102 
feos ectes, «SO 77" 101 (Ge i O56. Cee ti 
Roe or 46 70" 72 gue bey 36m Ser a 40 
erica 3a 78°’ 80 eeu 26, ise tar iis 
ie 1987") 80 1377" 141 gue Gara! S0nt 670 n 167 
em iaae? 43). 37°” 9} Oh i eda7re «Sa U/ean ge 
17004. sort aa eth 62 1740). 2.112) 97 102" 104 
Te 1s7ey | San 107) 117 1). 1139 708 sant “96 
2a aaah) 721) 108%. °° 120 22 300) 22%) con 24 
Bh eutoiey .47nY gs) -* 78 ata 3 34 aon 38 
meh tae 6aney sae «86 ates 17h) 35 Zone 28 


* Table 57 in Appendix is so numbered because it deals throughout with tree OL-SO-57. 
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Year N. 
14S cee: 39 
6.0 109 
Di oceae 138 
Soe 07 
OF as 87 
VS ee Y 64 
iepeh ese 104 
Dinter. 19 
Dale 99 
Cor 131 
7S Sehr 48 
O's chsye 229 
Discretes 170 
Sakae 196 
LS Saad 84 
WSU ee ase 74 
see ot 36 
Qiele ches 123 
Shee 56 
ra 122 
WADA 8 ale 6 105 
Gute 151 
Te 98 
Sette 169 
CBA kate 97 
LATO ee 104 
boats 165 
Ve ella 125 
SPA 12 
4 48 
ISIN or 81 
Gitssneys 88 
Pictoci 69 
Shea. 36 
Oe ace 87 
ASO se 38 
ee 51 
(Aes 47 
eee f 125 
cubes 192 


Av. 


Taste 57-1.—Continued 


Year N. 
W785 eee 115 
6.00% 46 
Tics See 237 
oe 120 
Oe 136 
LPA9O he 5s 184 
Les shes 274 
PARAL 253 
Cee 439 
Ae 244 
VASE aaa 214 
O.4ne 124 
7 AEN, 122 
S128 90 
9 ae 141 
1800..... 71 
eave 100 
FAR is Sc 60 
Sic 67 
Ae 121 
NS e gon 55 
Gu 101 
Tsar 115 
Seer 73 
Oo 108 
1810..... 63 
ibys Sage 160 
Zsa 137 
Sees 21 
Ae eye 48 
TOTS Ss see 65 
Ge oiae 163 
gees: 85 
Sis) sara: 22 
Orme 47 
1820..... 0 
tho ot meg 119 
Drecsxstve 98 
Sea 75 
Bas cats 168 
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Year N. 
182552208 322 
Opisietsts 450 
Disa Ste 531 
ee 530 
Ee 270 
13305 WN: 274 
diss cee 196 
Biers ats 260 
Seyhees 434 
4.0... 159 
HESS eye 182 
Ont 151 
Bis Sap 87 
Seka: 219 
Doi 282 
1840..... 270 
Aes he 131 
CAN A 23 
See 91 
La 145 
1845..... 38 
Gagne: 40 
Cpe ea 0 
See 109 
Diver 198 
1850..... 135 
Te 51 
Ze ee 144 
Si fet 99 
Cane es 93 
18555 .0% 116 
(Termes 97 
Wes 0 
Sry: 39 
Dain: 20 
1860..... 65 
a ae 90 
Dronctte 154 
Shae 42 


Av. 
207 
283 
290 
285 
144 


159 
111 
153 
267 
110 


Tape 57-1.—Contiwed 


Year N. 
1865..... 79 
65088 169 
eA 195 
SeieBe 239 
Sas 258 
HSZO =. Lr 160 
nes 81 
Zions 159 
Sines 60 
fees 178 
S/S so 169 
O35. 68 
7 least 43 
Sere 93 
ae 21 
1880..... 08 
| AG ae 25 
Diieuaee 64 
Devoe 53 
Ae ai 111 
TSS85ei5-ee 77 
One. 58 
7 ee 43 
Shai 4) 
aan 94 
1890..... 124 
teens 196 
PAA 148 
Sagan 50 
Wake 55 
1895. oe 91 
O22; 41 
RR. 48 
Ss 19 
Qe 0 
1900..... 12 
1 RS ea 0 
CREAR 8 0 
Dele tee 60 
4 0 
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Taare 57-1.—Continued 


Year N. SE. SW. Avy. Year N. SE. SW. Av. 
1905); de 52 67 64 Medi cies 105 57a ii, 93 
Giver dt 117 90 99 102 RO cet 269 107 212 196 
Ti seietie 123 84 94 100 AO eet ee 193 96 164 151 
be 146 §=106 95 116 
DN 169 138 136 148 1930..... 229 88 136 151 
1 Wea 157 12. G7 135 
1910..... 181 122 124 142 ca 57 97 «238 131 
i Veet A 238 155 127 173 ae 219° 112 192 174 
2..... 105i 28a 88) ho Ae 220 65 «#4135 ~«©«(140 
Shiaveieet 61 47 34 47 
Peele LOS tay Oy 221 ce 1935.0 2539) O3W21 180), itis 


1915). 021 195 136 113 148 6:7 4 ohms 


ee lbs 548 205 295 349 


1920) ee 425 181 288 208 1..... 164) (92 106 121 
1 Yee se 264 146 228 ~ «213 Vasa Me 200 74 ~=—-134 136 
2m 293 150 265 236 3.0.5. 205% (GO MDIOM alee 
30: Me 517. 218 306 347 Aes ee 259 105 145 170 


LOZ bye ue 355 92 176 208 Oe. 198 80 100 126 
Gl ae 369 128 161 219 Pe ae 49 36 29 38 


TABLE 57-2.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, trunk section 2, 
5.4 feet above ground 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
16925) Re 101 112 # 105 106 1705..... 166 164 149 160 
Seccee 126 «6.138 ~— «138 134 68.48 105 100 #110 105 
Act 51 58 41 50 Pricer 90 96 98 95 
Sees 76 79 69 75 

1695...8¢ 51 65 49 55 oe 46 56 45 49 
or ee eam ey Mae 1710..... 137 120 145 134 

Qi we 103 90 39 94 de ice 194 21S Te 9s 
Oh ie 99 91 66 30 PAS 146 147 149 147 
Syste 138 170 143 150 

1700..... 62 76 59 66 perceh of = a op 
1c eee 134 150 110 131 TAUS* < eer 52 62 58 57 

Co ae 184 166 137 =§ 162 Goes 27 50 44 40 
Shee 109» 3=112 91 104 TOR 119 149 161 143 
Ay ee SS ZT AOS 128 BE 203s 207 Wy 251 220 


Ye eraain 2i2. 198 215 208 
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TABLE 57-2.—C ontinued 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
720.)...0% Bawenr2el wii 236 245 W/O Lr 94 68 55 72 
Dacor 157 ee 168153 159 | RIA 50 46 30 42 
Direct 43 48 59 50 Disveiot 142 82 78 101 
Sane LOS 137 11S 120 Siew 54 36 33 41 
Bes sete 55 80 75 70 4. clout TSilies Ly 79 107 
BH25\s1./50% 123. 144 ~=—s:119 129 W651). ee 94 67 55 72 
Gime 160 182... 157 166 (ies Zia 105 91 106 
Fierce 124 98 116 113 Fists 126 66 ae 79 
SEee 67 57 55 60 Siinaters 149 =103 92 115 
2 31 40 27 33 ea 116 77 75 89 
1730.8 98 102 84 95 WHA E Boos 88 61 69 73 
Le ae 66 78 81 75 1 Ue 143 95 85 108 
2a. 98 SSie. 0112 98 2 6 ee 111 97 85 98 
Taser 97 81 97 92 Sec 08 0 13 07 
eee 119 97 = 121 113 Bick 40 26 23 30 
WSS. 22 06 22 17 WALD: «see 70 57 51 59 
(aye 56 61 69 62 oR 78 72 54 68 
Chetieyak 29 24 34 29 Tissot 50 50 49 50 
Shs ces 92 89 94 92 Siew 24 27 29 27, 
Dress 124 6111 91 109 Diisistik 91 57 78 75 
$740... 2 146 126 = 132 135 Wits Os oe.sc 36 18 27 27 
Di cicae 126 e L252 117 124 Lae 55 52 47 51 
7A he 43 35 35 38 Dieters 31 19 43 31 
Sepeds 52 51 27 43 Sil ate 119 104 #8109 111 
cae tt 47 40 24 37 Boe 203 ey 126 tam LZ 149 
BAAS. 2 ee 59 75 40 58 W785 ee 92 47 56 65 
Giaae 7 13401 1113 121 Geigy 111 45 50 69 
isch 97 ~=s:101 92 97 Pays 270) 1549 157 194 
Sie. ee 10 21 14 15 Sitieene 135 73 84 97 
Oe 109 §8 109 70 96 Oe) 159 80 90 110 
ASO nee 96 59 55 70 IZA Uy 147 76 ~=—:108 110 
Lee 76 76 69 74 1 Naess 3 266 149 166 194 
PEERS 07 0 0 02 Die 250 147 127 175 
Sissalebde 125 88 84 99 BIR arn 438 200 231 290 
cee ae 129 91 81 100 4c ee 227 SOmepit2Z2 146 
PSS) ae 75 S¥/ 28 47 1795. oe 183 69 107 120 
Gis aare 250m Wijee 15 195 Gone 112 54 65 77 
Tisvecloe 13S; 125. 116 143 rian A 126 60 87 91 
Sk cue 205m Sie 127. 157 Sascee 96 57 80 78 
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Year N. 
1S00ne a. 65 
| IR 80 
Dsante 49 
Since 31 
A sasate 67 
1805e5.07 41 
Oncae 73 
TES 75 
Seo 64 
ORS 94 
LS102 22 68 
Le ees 152 
Lect 117 
Se cei 30 
Ha 58 
18155 2.22 ad, 
Onc Ae 186 
Tec ste 91 
Coase. 2 21 
St 36 
1820..... 0 
Lee 106 
Dice shies 80 
See ee 51 
A ean 132 
18255). ee 164 
(ATA 289 
7 eke 385 
Co 499 
Oe ee 286 
1SSORe eRe 246 
Ln ce 152 
eee 158 
STH 2 293 
Bc 108 
1835... 536 216 
Orecte 157 
FRAN 114 
Swe 214 


SMITHSONIAN 


Av. 


Taste 57-2.—Continued 


Year N. 
1840..... 207 
hs 109 
Dieta 26 
Daisvates 104 
Seles 141 
1845..... 38 
Gia 63 
Gini 0 
See 130 
Dae 133 
1850..... 114. 
Lee 33 
Didar 130 
Sea ce 90 
Ai Ae 84 
ASSSe ese 128 
Gulecke 88 
Dis iaistie 0 
Sees 56 
Dae 0 
1860..... 66 
7 ee 82 
PANE 132 
Gclecatae 32 
re 15 
1865..... 77 
(ee 119 
CAA 133 
Sosa 231 
LS A 219 
1870-22 ee 212 
1 BS 73 
Basha 159 
Sec 37 
HN 169 
1875... 2a 140 
Giweite 59 
svat 47 
Sis acees 93 
TEA 24 


MISCELLANEOUS COLLECTIONS 


VOL. 145 
SW. Av. 
130 162 
Wl 79 
29 32 
74 88 
108 123 
41 41 
55 54 
08 08 
107 111 
144 128 
98 99 
36 34 
102 += 108 
52 67 
72 73 
88 107 
83 85 
0 0 
36 42 
14 08 
49 57 
58 71 
83 102 
35 33 
11 09 
66 74 
112 112 
105 116 
198 207 
159 176 
101 150 
50 62 
62 95 
0 17 
75 104 
56 90 
64 46 
45 36 
45 60 
23 19 
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Year N 
SSORMea 0 
ees 15 
Pape 67 
Shae 57 
Coe 110 
T8528 126 
Olek 66 
Toile 44 
Saanee 74 
Dsante 112 
18902. 23: 122 
Tevet 194 
De racee 153 
Sees 79 
ae Me 61 
1895..... 118 
OX ats 54 
Tae 48 
Seah 55 
so ae 0 
1900..... 20 
1 oeerae 18 
Dae 0 
Sener 77 
Baas 08 
1905 ce 84 
(Ciena 126 
tee se 134 
Satie: 142 
Neto 158 
1910..... 181 
iter (o.: 216 
Dye vere 139 
Stare 84 
Fie 125 


Av. 


Tasie 57-2.—Continued 


Year N. 
EON Se as. 174 
Gs anes 173 
Tet Has 192 
Seen 253 
Oe Ages 390 
19Z0 eee 393 
sate 308 
Duan 472 
Seeiee 506 
CA 488 
O25 Een: 292 
Gisaa 271 
Tsetcises 154 
Se siers 251 
One Ne 167 
19305. 4% 237 
Den chee 190 
Dede 213 
Seise 209 
Be essitahe 167 
1935). ee 157 
Ors ie 87 
Ta 166 
Sis chee 222 
Osean 114 
1940..... 73 
Dee 154 
Ze 143 
Sys 106 
4a lee 152 
1945). 157 
Oucecs 181 
Tiss soe: 29 
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TaBLe 57-3.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, trunk section 3, 

9.7 feet above ground 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
LAM Be 163 151 171 162 W/SV5 640 87 80 97 88 
Di vavive 187 148 158 164 Laks 93 92 113 99 
Sicveraiare 163 128 #106 132 Discs 0 14 1l 08 
Ae sai 74 93 70 79 Sa 111 96 =#ilill 106 
(Paes 104 #8100 91 98 
WSs 066 55 52 46 51 
62a 36 35 44 38 1755.08 51 49 50 50 
Peele 171 179 192 180 62.588 230 ©6203 ~=©181 205 
ieee 218 226 225 223 Toca 159 142 129 143 
Coe ees 206 202 194 # 201 Slasacd 162 148 148 = 8 153 
Onan 129 74 46 83 
W200 oe 266 254 231 250 
come 196 ,2187 po0t73) ass 1760..... 120 ay) 73 Renate! 
Cae pi 46 69 66 60 Deventer 49 45 41 45 
es 153 163 153 156 2.0.0. 109 py OL NyeO4 ies 
Ae 95 95 100 97 3.0... 42 AS. AQ) a2 
ao ae 123 98 97 106. 
Mee teiey ig Oa Bee 1765..... 93 82 62 79 
ra: 105 144 107 119 (ope 123 110 #101 111 
a. 60 103 89 84 Ze... 1020 90 8B 
oe 26 66 46 49 Sears 120 114 ~=# 118 117 
Ds cae 113 86 9] 97 
1730 eee 117 157 125 133 1770..... 95 92 91 89 
Ea 925 117 85 98 1 120 92 105 106 
ope A 115 135 123 124 Palio 103 98 91 97 
3) cee 112 126 105 114 EN 7 08 06 10 
[ae 14] Wi New Sle) RN Le erent eh 
Ce. 38 36 32 35 
WD 6bcc 57 30 18 35 17S ee 99 80 57 73 
6..... 67 82 56 68 6 lee 03 ai) 77 wali? ane 
DP iecistae 24 28 26 26 7 ae 51 46 48 48 
Sica 95 106 72 91 Ue 24 22 22 23 
Oe uh 136 132 106 125 6), 90 80 79 33 
VEU sed. 148 158 131 146 ASO ee 23 ee elet 26 24 
Lea 138 131 107 125 yen 38 41 30 36 
FREES 50 48 36 45 7aee ile 38 22 32 31 
Sino 67 51 35 51 Sires 118 88 85 97 
Ae 57 59 40 52 Aya Nn 223 119 129 157 
1745s ncce 85 112 67 88 1785e kee 65 39 4] 48 
Ofsy ee 141 173 145 153 Osekwe 94 51 54 66 
Fra 125 134 =s-:« 117 125 Te 232 169 #168 190 
One 25 26 22 24 Ona. 140 88 76 101 
Oem 156 150 128 145 Oren 128 94 84 102 
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TaBLe 57-3.—Comntinued 


Year N. SE. SW. Av. Year N. SE. SW. 
17/9 Uae 135 100 91 109 1830..... 216 74 114 
Mi eieiene 236 137 136 170 1 ees 129 102 106 
Qs cats 268 148 117 178 Disieraies 155 89 90 
Se wsde 372 01. 205 191 256 Daas 271 170 182 
Ae 220 90 99 136 ee 98 77 77 
W795 ....). 82 202 77 119 133 183550 184 111 114 
(Hees 113 49 85 82 Garces 126 58 69 
Terese i 119 76 78 91 Lose 83 58 62 
Bee 92 62 93 82 Sivas: 164 110 110 
Die oeee 135 103 105 114 Oirias 213 140 139 
1800..... 66 46 49 54 1840..... 244 144 132 
fants 68 32 46 49 tet 136 85 69 
Disses 44 32 22 33 Drcsiers 39 27 28 
Siiareses 20 13 21 18 EN 93 93 80 
A eit’ 77 53 64 65 tse 158") 125) 108 
W805). 5.34 57 37 49 48 1845..... 46 47 39 
Gees 62 32 54 49 esi 52 37 45 
seas 94 50 57 67 Tisai: 13 06 
Cs Per ca 58 41 50 50 See 106 118 127 
Oe. 89 43 41 58 Oe free 164 130 103 
USIOs ve 57 48 43 49 1850..... 116 105 98 
Pacer 147 103 95 115 1 40 18 32 
CAA 120 86 75 94 Dircteons 120 101 106 
Sis: avers 15 17 15 16 Sikes 112 70 67 
Bears 43 37 38 39 4..... 100 85 78 
TSS. «es 45 48 52 48 185555655 136) NG 107ae 111 
Gis, bi ais 149 131 = ial 134 6.058 97 89 84 
iscccite 105 87 80 91 Laas 06 0 
Bscsisae 78 16 14 36 Saisie 4] 36 44 
Disa 93 31 20 48 Or ane. 09 10 
1820) se ae 06 0 0 02 1860..... 60 50 56 
ae 89 57 64 70 de oan 106 74 71 
bein 71 55 39 55 Deere 106 106 100 
Silane 65 62 57 61 Baia cme 38 45 28 
CA 153 98 104 118 pee 28 25 12 
A255) is. 246 N74 aS4 191 T8G5...e5 92 81 75 
(Genie 347 225 181 251 Oni 132 114 106 
Pn rsiacs 433 231 192 285 Piscine 134 112 112 
Sree 472 188 175 278 Suces 206 8174 171 
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Year N. 
18705... 3: 170 
Hiss 52% 73 
Deo ai 134 
Stusc ne 34 
Ae 139 
1875 05,5 42 141 
OL seie 52 
TNE 47 
Sie ae 78 
Di oe 23 
1880..... 0 
Lenten 24 
ZR ae 63 
Seon 51 
Ais cas 98 
SSSeeeee 107 
OF eae 52 
Lees 28 
Oa 64 
OE ea 98 
1890..... 99 
tee 159 
Da oe 97 
Se 57 
Ae 55 
18950 a 122 
Ooiewse 52 
Tisch 57 
Bee 38 
LS re 0 
1900 FR eiee 22. 
Sete | 11 
Ops Seis 0 
Sime 56 
ec: 05 
1905..... 79 
Ghee 101 
Tipe 112 
ier Ae 121 
Die a 146 


Av. 
138 
55 
99 
19 
102 


Tape 57-3.—Continued 


Year N. 
1910..... 159 
bee Se 164 
ZATRAE 125 
SI ee 68 
Ae 105 
IOUS. oe 156 
Goce 189 
Thess 224 
Sesee 278 
ee 373 
LOZO Ree 369 
5 rare 286 
PARAS 368 
Be Soke 498 
Berne 447 
1925.18 215 
Gu./o87 240 
eo ei 104 
Sisinen 194 
La 173 
1950.55: 169 
ere 153 
Oars 200 
eto 154 
Gee 117 
1985002. 141 
(aaa e 71 
Tne 107 
SA 166 
Ones 97 
1940... .. 78 
eas 80 
Bisa as 122 
Seiwa 78 
Ber, 118 
1945... 110 
Gees) ye 172 
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Tas_e 57-4.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, trunk section 4, 
14.7 feet above ground 
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TABLE 57-5.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, trunk section 5, 
21.3 feet above ground 
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TABLE 57-6.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, trunk section 6, 
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TABLE 57-6.—Continued 
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TasLe 57-7.—Growth-layer thicknesses, in hundredths of a millimeter along 


designated radii of the ponderosa pine, OL-SO-57, trunk section 7, 
32.3 feet above ground 
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TABLE 57-8.—Growth-layer thicknesses, in hundredths of a millimeter, along 


designated radii of the ponderosa pine, OL-SO-57, trunk section 8, 
37.8 feet above ground 
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TABLE 57-9.—Growth-layer thicknesses, in hundredths of a millimeter, along 


designated radu of the ponderosa pine, OL-SO-57, trunk section 9, 
417 feet above ground 


Year N. 
1G53q eee 91 
Ls NE 92 
TSS naan 99 
Obes 82 
CRS 13 
Seca 36 
D8 he 15 
TS60ses ee 41 
ees 84 
2eiyie 161 
Bees 31 


ences 


eee ee 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—-GLOCK ET AL. 


Year N. 
TBZ SY: a 50 
O5.se8 16 
Ds eck: 24 
Siar 24 
Oe a 10 
ISSOAe ae 0 
dete vais 09 
Can sete 25 
Spee 36 
a evaate 64 
ets e bo be 65 
Gee 38 
Ces ae 38 
Bieeg ite 46 
ORO. 58 
1890..... 97 
Lo Bons 213 
CARN 143 
Sisk aes 66 
eee, 67 
B95 oy. 116 
Grae 56 
idivec tas 92 
Seite 75 
Os ie 0 
TSOO. Ss. 32 
er eae 35 
TAs et 0 
Sisal 92 
cal Oe 24 
1905 25.53. 143 
Gaeast 170 
Ths Ae 192 
Bia 204 
Ohne 163 
0) Re 266 
Sates 282 
Dip. 173 


104 
173 
104 


Av. 


33 
12 
18 
7A | 
09 


02 
10 
27 
23 
63 


56 
33 
32 
45 
56 


98 
179 
115 
45 
44 


Tas_Le 57-9.—Continued 


Year N. 
Salone &2 
2 hae Ties 116 
HONS Ae 197 
Oiyaeuce 201 
Tle eae 254 
Sen 298 
ORL 373 
OVA o's oc 261 
lene 218 
Disriraene 250 
Stan 251 
A RUA 280 
MOZS oe ee 161 
Ones 220 
Tiicee 140 
Sabo 176 
Dubie 159 
LOZ Os oe: 193 
TR 182 
Ppihen ie B15 
Shas as 169 
Ae 124 
OSS ere el SO. 
Guha 80 
eee 129 
Seem 160 
Or ss 93 
1940..... 81 
Dee tes 101 
Dieranes 123 
Sawin 90 
AR ja 142 
194582 ee 172 
GENE: 134 
Fie ees 39 


293 
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Tas_eE 57-10.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, trunk section 10, 
45.6 feet above ground 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
1887 608 116.2117 1421. 118 Se 178° 75 408° VitZz0 
ae 75 be'63 ba70. © 69 Osha 278 134 4s Mes 

Qa 95 104 99 99 
19201) oe: 246 100 119 155 
1890..... 56 47 48 50 Bsns 208 93 130 144 
Veneto VEN ey er 87 Does 230 115 177 G4 
oper I 4G 3h 58 ce 203 102 159 155 
; es g i 4 ae Aisa 263 87 «164 ivi 
SOS pees a. 44 67 63 ats 17 38 tL ee 
: as 5 6.48 186 74 116 125 
os a : : : 28 7 07 48 waza) eS 
setae : 6 37 Mabe ES Ten 
: setae : ie - i Oe 167 +) 74 9104 “Saas 
1900..... 1M, Ha ees me sae = e 4: He 

1 POUR MEDIC RN Mite | ats eee 

mae 5 6 6 2 Me 221) bh, .99) Wasl4z ese 
eau sane emlics | tukee Baie 170 99 105 125 
ee 4.) , 131 TO St O77 ase 

7 17 era: SIG A 
ines 6h BR SS Lehn wer 1935,.... 170 80 94 115 
6.25 66" 37.05 46 vaso 

user 124 pe SOM AS 87, 
ype. 119 68 82 990 

en 133) 40.60 2 89) ys04 
pasar 130°. 718303) Aol 
i 146 66 105 106 5 aa Cl «ca Sh cca 

OM IAE 149 sue 64 a 93 G20) Cakes 

Gil... 198.489 4u 115) 34 nOs02 ee 68) gaye 0) uy 59) eee 
vere 280 99 129 169 1..... 111.90 | ded) sa100 
Ae 168 72 79 106 Ze Ht 141.7) 992) TaN7 pas 
2 ae 42 17 18 %6 i a Mom 103 32 73 69 
Ais ae 102 39 42 61 (2 ee 193 97 120 137 
{O15 158) W722 97 109 1945... 178 80 130 129 
6s 144 O77) eos AOS 6.8 153 48 94 #98 


Tare 158 95 93 115 Tishite 32 25 40 32 
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Tasce 57-11 anv 12.—Growth-layer thicknesses, in hundredths of a millimeter, 
along designated radii of the ponderosa pine, OL-SO-57, trunk section 11, 


47.9 feet above ground, and trunk section 12, 49.9 feet above ground 
T-12 
SE. 


Year N 
1909..... 121 
AOIO) ses 133 
Ure 151 
Zea 94 
Sess 14 
Cae 64 
112) 73 
Oxeecs 65 
Tove 90 
Sader. 82 
Oe varass 117 
1920..... 120 
1 ea 105 
Zistretss 130 
A 113 
Cera 118 
A925 as 84 
Geet. 107 
Pisiotecs 71 
Sta... 90 
See 81 
GSO res. 66 
ee 92 
Bate, ts 123 
Sis e 91 
: Oe 102 
O35. 105 
GAro 29 
Te 74 
Sees 93 
OR: 41 
1940..... 31 
1 Cee cs 81 
Biri ts 56 
Shee 39 
Bale, 86 
1945..... 85 
(ohare 65 
Tas 17 


T-1l 
SE. 


Year N. 
192252000 89 
Slane fe 115 
Aces, 70 
O25): ae 74 
Osan 94 
Lisean 78 
aor 113 
Oi oss 86 
1930..... 102 
Peanae 109 
PAS ere 131 
eae 89 
Bates 80 
1935). 2 95 
Gree 46 
i pee: 98 
Sea 133 
ane 52 
1940..... 38 
| ee 93 
Pains ae 117 
Bees 36 
Bosc 127 
19453. .)500 92 
(ier 6 tee 69 
TSI 40 
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Tas_e 57-13 anv 14.—Growth-layer thicknesses, in hundredths of a millimeter, 
along designated radii of the ponderosa pine, OL-SO-57, trunk section 13, 
51.2 feet above ground, and trunk section 14, 52.6 feet above ground 


T-13 T-14 

Year N. SE. SW. Av. Year N. SE. SW. Av. 

1928 56/08 106 21299 tael25 120 1935) ee 189 183 199 190 

OR e as 89 113 106 103 Girne 89 §=100 79 89 

Thi 69 67 73 70 

1OSO Micke 68 88 69 75 Seals 64 65 65 65 

ME aN 7 ALLS) 98 97 Deseinke 19 21 20 20 
Zeta LS 27 OSS eh alG 

Secale 81 75 81 79 1940..... 26 26 22 25 

aii 83 Zi 75 78 Leet 64 65 83 71 

2 sae 57 81 53 64 

LOSS ei 72 94 61 76 Susniee 21 61 18 33 

Gees 18 44 21 28 Aino 57 81 56 65 
Bice 62 81 77 73 

Qua 88 84 =6112 95 1945 ee 67 92 72 77 

Oui 28 30 38 32 Gu 61 60 43 55 

Themes 09 19 19 16 
1040 Nee QO MES shen S30 peSO 
Ph ae 70 68 109 82 
CRA 81 75 86 81 
Sue 38 36 29 34 
PAINE 88 102 96 95 
1945..... 72 83 62 72 
Gubinine 70 65 52 62 
ents 16 23 22 20 


Tas_E 57-1-A.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radi of the ponderosa pine, OL-SO-57, branch section 1-A, 
1.2 feet out from the trunk 


Year Down Up-E. Up-W. Av. Year Down Up-E. Up-W. Av. 
1783i63 66 25 25 26 25 Salts 63 51 79 64 
Ae 80 96 85 87 Be aes 19 14 20 18 
1795 pe. ue 35 28 53 39 

1785s 25 42 31 33 (Oran 07 07 07 07 
Ouse 33 22 22 26 Tees ae 21 14 18 18 

Dis enh 47 45 42 45 See 08 06 06 07 
Sate 25 31 34 30 Qatar 12 12 13 12 
(coe ania ag 18000220 O06 0 8 02 
flere ate 06 07 09 07 

1790..... 32 36 33 eit 08 07 07 07 
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Taste 57-1-A.—Continued 


Year Down Up-E. Up-W. Av. 
180585.5- 20 20 22 21 
(OR eran 32 35 41 36 
TR Styec 15 17 17 16 
Soe 6 gs 11 12 09 11 
QE onic 22 26 21 23 
TSTON co. 15 14 10 13 
Dies 52 59 79 63 
Pane 61 81 134 92 
Sean 0 0 07 02 
Asa 20MM 29580 19). 9 23 
UT es 5 18 37 18 24 
Guewec 60 87 63 70 
TARA 40 54 43 46 
ts ee 0 08 08 05 
oA 17 22 22 20 
1820..... 0 13 10 08 
a rae 45 75 56 59 
Zi 59 60 56 58 
sue 5808) 60 45°": 54 
Ai WN Gon eS 74) 77 
S25 528 126 §©132 99 119 
Oia ts 136 3=-: 123 89 116 
Ugaeae 104 122 81 102 
Shean 117. —- 128 69 105 
Deus 23 32 13 23 
TSSO5 6.08 79 71 45 65 
Tse cee 66 61 43 By/ 
(Apter 30 12 23 22 
Sinaia 62 61 54 59 
Boeke. 30 38 25 31 
JES een 50 66 43 53 
Gries. 06 0 0 02 
Teens 15 20 12 16 
Outeays 25 45 25 32 
On eas 70 90 61 74 
1840..... 75 85 47 69 
NUS ons 49 45 32 42 
Die cus 04 0 0 01 
SGA 37 34 22 31 


Year Down 
18452 ee 23 
Oe: 20 
Tete 10 
Soins 58 
Qeiseae 87 
TSSOWe ee 63 
Tee 06 
Dn 69 
Baas 51 
as 37 
SSS nce 76 
Once 68 
Tike ee 0 
Bosaas 31 
ON. Ds 06 
186052508 13 
Taaee 30 
2 sera 74 
Sieve lores 15 
ACE As 0 
NSG5ere 34 
Ounces 59 
penn 90 
Soe: 113 
Se 72 
TSAO ee: 46 
(era 07 
Qeisecees 34 
Swe 10 
Ae tes 35 
1875... .5: 16 
Gee 04 
Trg e. 05 
Bee 21 
Oot 0 
1SSOReeee 0 
Lee 0 
CA tse 14 
Sea 17 
pe 44 


19 
14 

0 
48 
72 


36 

0 
48 
35 
26 


46 
37 

0 
08 


207 


Up-E. Up-W. Av. 


20 


298 


Year Down 
T8855. 2 cs 28 
On. Nes 15 
Tee 0 
Shou, 23 
es 26 
1890..... 75 
1 eee 227 
(FARE 2 74 
Sac me 31 
Ce A 17 
1895..... 48 
Gu ore 0 
Y fee 35 
Sancee 31 
 & 0 
1S00 seer 15 
pees 0 
Dd pie 0 
See 44 
Ae te 0 
1905. 3453 90 
On. Sie 141 
Tse 110 
Bria 112 
eae 6 95 
1910.28 104 
Penae 120 
Bee 83 
Fick 14 
eR 16 
19155 54 81 


Tasre 57-1-A.—Continued 
Up-E. Up-W. Av. 


09 
15 

0 
15 
19 


35 
55 


20 
17 
03 
20 
26 


34 
112 
50 
14 
09 


34 
04 
28 
23 


Year Down 
7 ANS 108 
Sines 137 
Derek 239 

1920... 4 240 
| a 115 
CARN 202 
Sicha 175 
es 238 

19252 5.4: 80 
6.258 127 
Fie Mtn 76 
Seca 102 
Oe 93 

1930... 92 
Lesage 84 
Dralion 136 
S10 BE 83 
CA 59 

1985.3. 8 90 
Core 23 
Pesitees 69 
Si ee 81 
9 setrwe 34 

1940..... 30 
yy 76 
Dae 86 
Silene ae 37 
a 86 

1945... 2% 70 
(asae 58 
Tene 20 
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Tasie 57-1-B.—Growth-layer thicknesses, i hundredths of a millimeter, along 


designated radii of the ponderosa pine, OL-SO-57, branch section 1-B, 


Year Down 
e240. 84 
VAS ea 81 
Oseten 83 
7 Re Ge 77 
Sion: 89 
oe 64 
SSO eee 92 
thane 78 
Page, Me 18 
Senin 48 
ces 15 
BSS tye. 31 
Oss 07 
ise 08 
Sree 46 
Oe ek: 95 
1840..... 65 
Dee: 53 
PARR 25 
Sissons 41 
ds CAGE 81 
1845.23. 45 
Goties 28 
Bees 10 
Hao ee 71 
Ey: 101 
NS50E Fa 2. 53 
A ite 08 
2s 70 
Sea ae 60 
“a Ee 52 
HESS. 29 2. 64 
OMe 51 
Titec 0 
Ohicrrer: 25 
Ge: 08 
1860..... 22 
Lea 40 


91 


82 
70 
71 
84 
47 


90 
71 
16 
61 


3.7 feet out from the trunk 


87 


70 
79 
81 
81 
61 


79 
70 
09 
38 
16 


25 
06 
11 


Up-E. Up-W. Av. 


87 


78 
a7 
76 
85 
57 


87 
73 
14 
49 
17 


30 
07 
11 


Year Down 
Zier: 97 
Shaan 21 
7 it 

18652045. 42 
Ones: 82 
I ae 110 
Secon 114 
Oh aaa 80 

18/0. 3.0 66 
ieee 15 
2 wer 36 
Sis: 06 
A es 21 

TO7S soars 16 
O2Wa: 06 
FAM i 09 
Sa eae 21 
Oi tees 09 

WetlQoocac 0 
1 a B 10 
2 RY. 16 
Siete 32 
2 Viet oy 

SSS eee 62 
Grae 38 
Thence 37 
Slee: 58 
Os 66 

1890..... 112 
IW oe 214 
CA 58 
3 2Ge 21 
A 12 

1895... 320. 129 
Gites. 47 
Tighe 49 
Sesant 65 


78 
16 


101 
19 
13 


Up-E. Up-W. Av. 


92 
19 
08 
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Taste 57-1-B.—Continued 


Year Down Up-E. Up-W. Av. Year Down Up-E. Up-W. Av. 
1900..... 29 21 10 20 Similar 191 31 45 89 
Leen 19 14 08 14 Ata 212 48 58 106 
Dice 0 0 0 0 
eae Beat) CRN ar 1925... 72); 22), (27am 


Green: 137 41 52 77 
door OF OORT Chae (Ot 7 oe 129), 27), ISN? Wine? 
Sa 98 Qe 147 57 


1905..... 1S10 | SOM Adnumees? Bei, C6.) 460 epee 
Gone 230m Sie SOF aS 
Te 194 27 B7)he se 183 1930) eee O77) 40 32 ee msg 
gen TAS 23raW B39 NGS sth ns 88..\ 16, 29 ae 
0. ae 113 Zam 3360 S8 Dre. 145° |, 340 3 eng 
Bnew 1130) 0S oh) 27 ee 
AHO 4 li7on Veley a3) ants7 Ae. O70 1S 2 ee 
UR S855 9974 Z0u) | 90) Vy 92 1035s 127. AGEN | OU emS3 
Dcolbees Sen UG as) 35 Geis 29 0 11 13 
3,-0.2. 28 Cota 7 kee 76 AZ AiG ONG 
905052 30 Qs 15 8 128) D1 22h u gz, 
@) hk 52") 05° 20) 8/26 
1915. fee 140k! 26M 136.470 eee: a) ee 
6c ee 1528. 26m 56 8 78 
a eee 97 Ot. “27 mas 
Fis als 217 §) AGRE 77 eet 
ae 101)", 2728 536) MSS 
Sone 2220" 37) 62) 07: 
9 oa 314 46 81 147 3 eovene 59 25 14 33 
na Avie 03) 26%, 34. 050 
1920. 285: 36)" 60 127 1045 ee 10:4) 29, Sloan 
1 ee J49' wi 36M 1450 7e, ens 884 3 On ae 
Di RM. 179” 28) 48) 785 7 de 146 08 07 10 


TasiE 57-1-C.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, branch section 1-C, 
5.6 feet out from the trunk 


Year Down Up-E. Up-W. Av. Year Down Up-E. Up-W. Av. 
USS7eeee 32 51 46 43 eee 34 29 SY/ 40 
Shane 34 68 84 62 Lo SHE Ate 52 47 59 53 
Hee s ee 2 ee 1850: 5... 51 42 63 52 
1840... Ef say 50) ass epee: 20 ay 12 ee 
2 chee 75 58 73 69 
| eee 36 32 41 36 
Se 57, 56 46 6) 
Di oeats 21 07 18 15 4 50 32 43 42 
Sie 34 34 26 OL yi) kG inane eee 
ee 54 68 51 58 HONS aoe 57 48 58 54 
Ovsioere 49 47 51 49 
1S4525 408 22 19 24 22 Wiens 0 0 0 0 
Gace 25 17 18 20 Baers 20 24 22 22 


Thee 23 07 10 13 Yiosooc 09 06 08 08 
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Tapsie 57-1-C.—Continued 


Year Down Up-E. Up-W. Av. Year Down Up-E. Up-W. Av. 
1860) 22 08 18 16 Secs 75 36 37 49 
eee 42 36 39 39 Qe Rete s 11 0 0 04 
PASS Be 100 89 69 86 
Siesta 16 18 14 16 1900Re 7 ae 24 18 16 19 
Ass 25 11 10 15 ees 14 16 0 10 
Qi 08 0 0 03 
TSOS Rec 64 39 36 46 Bieta 45 39 36 40 


Oran 112 58 39 70 Aneto st 14 0 0 05 
Uisieroless 101 82 84 89 

Stra. 77 96 92 88 OS: Shee 94 67 62 74 
Sees 55 55 73 61 Oxyemus 150 64 64 93 


1870.2... 52 35 59 49 Que 144 37 63 81 
1 12 Oi 02 Opt 60 43 ~ 641 55 
Dey. SOB 34h | wid6. 21:37 
SA 0 05 10 05 1910222 96 39 ~—s «68 68 
CU ae 22 31 28 27 Thee Somat 71 67 

1875.0. BQ 22) 37 26 : ae a * - ie 
Gane: 09 08 17 11 ieee 19 10 11 13 
Teenie Hen eat eds DSU aN GaN a rea 
Sach. AN) eal LOIS Meee 103% 134) 620166 
One. 05 DUE oe Gaohe: 1251), 537) 5008 177 


ee ag 3 i 0 a Quen AG ON BD © TAL 

PAE dee naG ic Oe 343 #80 105 176 

; sees a i fl oH 192008 220° 63) tan 134 

a Sa Teo 27M the GRR GT 

1885... So 27 Wud” wen d2 Brier MG isha! COO eae 

6 ee 3 33 23 34 30 3 eroee 161 40 53 85 

-henal FOR een ao wat6 Ate VAM EB ES oD 

el ae i = 1925 err Seco edls 

Glas ite 50ue 6Se 75 

1890..... HOPE 555) 65) eeur74 Ioooos 60 5335) SO AS 

teva. 160% | Sle) 132 4 124 Sabb ec 38H NSA aot ads 

Dig 7b e833; 1:61 55 Boca Td Wa2eh ZS 41 
Se. 25 OSH 26. 4 2k 

Aes, 26 0 18 15 1OSO se. 110 43 40 64 

jes B2 Son tas 53 

1895, 054. 77% 45% 056 2059 Dantas OS) 5600 eSOL MGS 

Se 250) 148 13) 17 ee ae 106% e280 ees 6rh ST, 


302 SMITHSONIAN MISCELLANEOUS COLLECTIONS 


Year Down 

OS Sieve: 106 
OPeos 31 
Laken 76 
ce Se 117 
Oost 60 

1940..... 33 
spats ci 89 


TABLE 57-1-C.—Continued 
Up-E. Up-W. Av. 


28 
16 


Year Down 
Fails ert 131 
Bink 49 
4. Ot 82 

O45 Sea: 106 
Othe 90 
Dies hrte 16 


Up-E. 


VOL. 145 
Up-W. Av. 
40 78 
15 31 
28 53 
40 67 
28 49 
10 12 


Taste 57-1-D.—Growth-layer thicknesses, in hundredths of a millimeter, along 


designated radii of the ponderosa pine, OL-SO-57, branch section 1-D, 


Year Down 
TSS ee 42 
Ta, eee 55 
3 lee 59 
Aas 66 
ISO one be 40 
Oke ees 26 
Pgras 04 
See 15 
Oy ek 11 
1860..... 19 
P Rgen 25 
Die cirte 34 
Bi ecu 14 
Al at 08 
1865... 5: 19 
Gees 29 
Vectin 32 
Orient 41 
On Maal 41 
1S70Fee 42 
NE oka 10 
[pet cich 22 
Saucer 07 
Ne 21 
S75 ace 20 
Guan? 0 
desires 11 
Seen 12 
Lo) kas 09 


51 


7.4 feet out from the trunk 


Up-W. Av. 
50 48 
73 67 
64 61 
68 66 
18 33 
28 27 
09 06 
23 20 
18 15 
31 23 
39 32 
50 42 
11 12 
07 08 
23 22 
47 40 
54 44 
67 59 
44. 43 
47 43 
14 13 
20 23 
il 08 
23 23 
15 16 
10 07 
10 11 
20 16 
13 11 


Year Down 
1880..... 04 
A 05 
Jone tan 11 
Sites 17 
Aa ae 24 
ISSS eee 27 
Guth. 15 
Pitte 15 
ee 27 
Diese iafe 30 
1890..... 49 
5 Uae 88 
Qe agers 49 
5 ee 16 
Aa 13 
Mee Roo6 Gc 51 
0. secstve 16 
EPS 26 
Sirs 44 
Oot 13 
1900..... 15 
Leet 11 
PAHS Aa 0 
i a 31 
Ao 10 
1905... . 60 
Gators 86 
1 aoe 66 
See ace 69 


Up-E. Up-W. Av. 


0 
04 
15 
20 
32 


0 
15 
30 


01 
08 
19 
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Year Down 
1910..... 66 
Last aes, 82 
Ney Be 56 
Siaeee 21 
BN 26 
E915.) 88 
Geshe 104 
Ts Nee's 88 
Sakan 114 
D. 209 
1920..... 171 
1. ee. 109 
Bic eters 137 
Gictves 137 
Ce 149 
1925... 84s. 100 
G.eh. 91. 
aR 52 
Sesens 86 


57 
50 


Taste 57-1-D.—Continued 
Up-E. Up-W. Av. 


Year Down 
1929 -si%s,. 71 
1930 Rr mee 60 
nee 87 
TAN SG 90 
SHS is 86 
Gee tid) 
1935.43 92 
(ee ae 25 
Tig te 73 
Susans 113 
DEN 95 
1940..... 78 
Dieiese’: 98 
Die ant. 119 
Sievers 52 
Ay Ne 123 
1945..... 101 
One 67 
Tope 19 


393 


Up-E. Up-W. Av. 


21 


25 


39 


42 
53 
65 
47 
40 


45 
14 


TasLe 57-1-E.—Growth-layer thicknesses, in hundredths of a millimeter, along 


designated radii of the ponderosa pine, OL-SO-57, branch section 1-E, 


Year Down 
IS 7AR ee es 62 
acne 81 
Deets 29 
4. OC, 70 
HBAS ccs. 10 
One 0 
Dien 08 
Sees 12 
Oa 10 
1880..... 0 
LBS 2 06 
Zits 12 
Diels < 14 
ee oe 15 
#885. 2.5. 08 
Gi ce. 07 
CARER BF 04 


9.2 feet out from the trunk 


Up-W. Av. 
59 59 
84 79 
26 29 
80 74 
14 12 
05 03 

0 08 
19 16 
04 07 
04 04 
05 06 
06 09 
10 11 
11 12 
19 12 
18 11 
16 09 


Year Down 
CSE 08 
Oe an 12 

1890..... 12 
hss eas 28 
PAROS 18 
Se 04 
Ce 10 

1SOS sae 46 
Onset 17 
AE. 26 
8. ee: 41 
LS ye 0 

1900..... 08 
i eae 06 
PARAS ie 0 
Seles 18 
A RR 13 


Up-E. Up-W. Av. 


12 
16 


19 
15 


16 
36 


13 
14 


16 
36 
21 
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Year Down 
1905.0 he. 39 
Oosee:s 46 
gang lie 25 
Saeoe 30 
Qivaen. 35 
ISOS 358: 31 
1 Reet 31 
PAIN lige 26 
oieaee 15 
Ae 23 
LOSE ee 51 
CAA 44 
Pet 38 
Seaias 34 
Lo pate 102 
1920..... 117 
Neate. 89 
Dosa 136 
Sustains 57 
2 100 
19255.05.% 56 
Giada 87 


Taste 57-1-E.—Continued 


. Up-W. Av. 
36, 00138 
ga a5 
23) Weng 
BE, 
az li3e 
AS Mids 
50 45 
29 «28 
154%) 15 
18's ))24 
74 «68 
Sly nis2 
Age nas 
28) 31 
5062 
49 68 
45 57 
614.96 
47.48 
60 65 
Al a9 
5655 


Year Down 
fee ee 38 
Sines 65 
OMe. 62 

1930..... 86 
a 85 
Davee 63 
5u ee 54 
Aye 56 

1935. ee 51 
Gentes 28 
Canteens 60 
Sime 103 
Oooo. 34 

1940..... 26 
de aetine 107 
Dishes 92 
SHON oles 37 
fees 85 

1945 20.3 69 
Gree 44 
Asiana 18 


VOL. 145 
Up-W. Av. 
30 28 
30 43 
18 35 
37 52 
37 55 
53 56 
27 41 
28 40 
26 36 
09 15 
39 47 
69 77 
22 25 
19 22 
69 80 
62 75 
14 26 
34 55 
45 53 
25 29 
09 12 


TasLe 57-1-F.—Growth-layer thicknesses, in hundredths of a millimeter, along 


designated radii of the ponderosa pine, OL-SO-57, branch section 1-F, 


Year Down 
1919..... 86 
19205302. 91 
ES ae 75 
Det. 84 
Sores 61 
Cae 61 
1925 /4he. 58 
O.4ER. 80 
Tate. 30 
See ses 38 
LS a 51 
1016) 0 49 
Les 52 


82 


62 
78 
80 
54 
56 


52 
81 
38 
42 
26 


44 
54 
38 


11.9 feet out from the trunk 
Up-E. Up-W. Av. 


75 


78 
78 
76 
76 
79 


50 
64 
61 
91 
67 


47 
57 
38 


81 


77 
77 
80 
64 
65 


53 
75 
43 
57 
48 


47 
54 
42 


Year Down 
eH eet 20 
eee 39 

1935. 2h. 53 
GaGa. 27 
7 cae 92 
Satie 95 
Sam etae 17 

1940..... 23 
fe 66 
Pasa! 74 
Oo 30 
Aves 55 

1945. 27... 50 
Gate 30 
7 idl: 22 


Up-E. Up-W. Av. 


24 
39 


25 
17 
52 
58 
16 


17 
50 
49 
17 
42 


33 
32 
14 


27 
34 


44 
11 
67 
76 
21 


26 
53 
52 
18 
42 


46 
30 
11 


24 
37 


41 
18 
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TABLE 57-2-A.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, branch section 2-A, 
0.4 foot out from the trunk 


Year Down Up-E. Up-W. Av. Year Down Up-E. Up-W. Av. 
TSROW ee. Ale 4200) 36, -% 40 1915 eee 99), 162" 4 -83i/5 sai 
eos BG) 36>> 58) 4 “50 eae 78% <4) X80 N66 
Dien: AON AS)) ale 88943 Wises 1557 79) 122 
She, 60) 499" 45) St Outs 151) 101) Ws) ate2 
Aen ee, Aa 46" 536°! 42 ON sates 165 163 134 154 
1885..... 38) 34) 23 32 LOZO 128) 116, 1060) a7 
Gani: AA 09) 2 51S han 76. GA) 6G 8 
Toes. SOM) S60 1S) 26 Dern 126 114 103 114 
8 eceoe 36 25 32 31 3 Rae N 81 80 81 81 
9.0.4. S/T NOL ERIESIY 751 Ae! 109 119, 96 108 
Hetbes oc Sieh elise 190250 65), 59” 878) i 67 

Tee S672) 63. 74 
Gens 110% 1001 92 101 

De tee AT aly 1.36 Meal 
Pee AG Col wb) Ne 25 

cae 20mm 39u ) 10)4y., 26 
4 51 ape 30 26 20 25 8 eesee8 53 76 65 65 
Qua OV) 20s) \) 35,4 1938 

1SO5¢ 4-0 BA CSO, rai) 48 
6 20 a7 zi | 25 193000 | Get V'6Sh ole 3 
Th ae BO S28). 30) anise sea cae 83, 74 68k FS 
Srey. | Aap Sl G40 dG Dire YA, 
oo QO: 14 0. 6105 Bins FRAT du ese 
qn, Sie his ae 

1900: 3. Oe 234 3 TS 
1..... LOM SLs COs hialG 1935 sue Sle iS Ste Mega. AG 
2.0... 08 0 0 08 Ones DT Ostet Pee 25 
J... 20 60 3 38 Tie: 624) 668) “86 yeu55 
Ales OSi 30211075). 08 ene 80m) Mie 4S0 a 72 
1905..... Hota at St, 30 Deseo poe es. align Te cs! 
ee a aa: 1940..... B30 SOE te2On 030 

Tits: 16m we 25 wh 16y, 219 
Waa? G2 Sy ge ne2 

Br5.2', AOL Wi 28h Dds 734 
Osi 2 Neca er Yee Sia ly ae ae E 
atten DR OUDH. | MG shop 
1910..... Pea 42hah S57. h'SO Ahly: Coie 44m 47 ema 

1 2k 63m 30h 65,10 56 
Zee BF eet ESD i -AQ 4 See SO) AOR. Wise. 47, 
ane 1a 2h eq 15 Cues B55 SOM: 229) 1 Si 
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TaBLe 57-2-B.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, branch section 2-B, 
1.8 feet out from the trunk 


Year Down Up-E. Up-W. Av. Year Down Up-E. Up-W. Av. 
1895..... 129° 112) TIS 120 2 Ri. 144) 102i SOiettZ 
6.et GFirth ASweeh SO" aes) Bites! 104 tt Sigil Souamee Se 
Free 505) 30m 39 bind Asap 1435; Stig. (68. amuo7 
Sia: 79%, 390 ADs. 53 
O: Wen 0 16 13 10 1925.0 3.. 71 43 46 53 
Glee 129. 86 69° 95 
1900..... 27 14 12 18 G Jaen a 77 39 32 49 
LES Sie 3 20 17 28 22, Sion 90 62 42 65 
2.6.5. Ory) OS ee, Co aCs Oe 73%, (3A) 28 c.emeas 
Sitar B7ah S2ne GORE 33 
A: Te ASH SRS 1930..... 6ky" 68 51 60 
aa 9 
1OOSeeeee 30/32) Zone 429 4 a a a He 
Ge 250) ZOU i27a ue 27, Fiat 6g) few lay 
Piece 1209) OF Suan 4h. civ a90) aon ig 
aa 20 \ 230. > Boyar 27s)! a Tes 
9.2... AO) Sets LOR 37 1935e 0: SOur) G3! 34a se 
E910 oe 34) 2130 14s Ge ee eae alae 
Tee 56, SQL 34 47 
1 66) 7630 40) 56 
Bes Seay Cady saat ve Sr 88, 54 Se amsS 
Ae Sita oan toe) meee ea EWU SIOMN We to BE 
Be aan Bannister 1940, 08.) 326 (| 210 WO ames 
ACIS 55540 O70 79 SO ig NS 1..... 63 38 52 Sl 
Git eh, 60 49 53 54 Birr 88 33 67 63 
Fi Vas 133 67 93 98 Sipe: 31 11 15 19 
Silica 1524) S76) 1030p laa 4..... 69 25 2 38 
Dake: 185 101 120 135 a wewl ee te 
1920..... 78 102M 86 ee? Guses 4g) 95) Ome a7 
ae 103° 68 °63..9 78 Veer 15 09" “S087 38 


TABLE 57-2-C.—-Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-SO-57, branch section 2-C, 
3.9 feet out from the trunk 


Year Down Up-E. Up-W. Av. Year Down Up-E. Up-W. Av. 

IOTSC RS ae 78 76 61 72 9: ta 109 8&8 102 100 
A 60 63 49 157 

; 1920..... 105 82 90 92 

1915 Mee. 75 84 62 74 1 See 76 74 62. wh 

Gules 94 71 82 82 ane 107 97 83 96 

Toeiobe 106 91 111 103 Shteoace 84 81 56 74 


Seeueeve 115 95 110 107 Oh a 91 78 68 79 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 307 


TABLE 57-2-C.—Continued 


Year Down Up-E. Up-W. Av. Year Down Up-E. Up-W. Av. 
O25 ees 72 70 59 67 Eileen 59 58 59 59 
Raeoe 106 90 8&7 94 Stan. 84 78 71 78 
Tt. 57 59 59 58 Deeks 40 41 39 40 
Skee. 92 69 75 79 
ts 57 36 46 46 1940..... 29 26 27 27 
1930..... 7) 62> 63 68 Heo. SUB ee 
AR aS Se 67 60 65 64 
Tegra 91 65 82 79 
eon 17 11 12 13 
Dials 116 82 77 92 4 43 53 47 48 
Setters 4] 42 47 AS oma Ee 
cae Se a i = 1945: 57 43 42 47 
1935.)0.,6,< 58 56 50 55 One 37 44 29 S¥/ 
Ontion. 23 21 27 24 Ties 08 09 1l 09 


Taste 57-2-D anp 2-E.—Growth-layer thicknesses, in hundredths of a millimeter, 
along designated radti of the ponderosa pine, OL-SO-57, branch section 2-D, 
5.0 feet out from the trunk, and branch section 2-E, 7.0 feet out 
from the trunk 


2-D 2-D—Continued 
Year Down Up-E. Up-W. Av. Year Down Up-E. Up-W. Av. 
1920..... 118 103 #8 106 109 bs 7 ae 42 39 34 38 
1 Ea 77 68 69 71 Oe: 39 26 33 33 
Ca Ea 71 63 66 67 cians 06 06 06 06 
IRR eae 66 56 66 63 
Auerne. 80 64 63 69 
2-E 
O25 ie 73 64 45 61 “eee Désn USE. Upw. ay. 
Gris 86 72 69 76 
(O31 Se. 2 138 92 107 112 
Le: 55 39 38 44 
Zee 87 69 51 69 
Sa 54 46 43 48 
9 58 44 46 49 3 eeeee 75 59 65 66 
cole yay aa | 71 27 50 
1930..... 70 49 52 57 
Miers 3 76 59 66 67 WWE bode 71 37 16 41 
Zi 91 64 78 78 Gia 25 20 23 23 
See 48 34 35 39 Fees 68 45 44 52 
CT 62 36 56 Sti Sie 97 75 63 78 
OR 24 27 le 23 
1935055... 49 33 30 37 
Oo cae- Oy LO ld 2! 140.002 .. 38 «MB. 0823 
PRE, os 59 40 29 43 
go re 52 31 20 34 
Beers 96 72 76 81 
9 33 36 36 35 PENS: 36 23 i7/ 25 
Dieppe 11 11 16 13 
1940..... 30 27 25 27 Boss 4] 23 31 a2 
See. 53 46 47 49 
71 ER 48 52 45 48 1945. 33 42 43 39 
Sa Rare 16 17 12 15 Geen 11 23 15 16 
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TABLE 62 *-1.—Growth-layer thicknesses, in hundredths of a millimeter, along designated radii of 
the ponderosa pine, OL-S-62, trunk section 1, 1.2 feet above ground 

Year N. ENE. SE. SW. WNW. Av. Year N. ENE. SE. SW. WNW. Av. 

ML een a i iucetl 79) (88) 1079 86 179550000) 077. 45. 169%) 5708 55 On 

LOZ USOL en Oc et OL 85 101 89 oe ante fe ea 

a eas us 5042 PT eie'c) WES) i LAOW (pAG4) RDS 54 108 

6.... 45 8.30 UOT «242 242) 4A ZO ae 


Toca WA8 RTA) 1G3)) 70) Sat 
a inee ac eae ato iaaaaoe 9... 189 269 | 229) 109 dio mse 


Soong che Ge) Gi CML ai aid 1720.... 194) 311.325 128°" i277 


1680.... 108) 100 1M 123. 419°" 142 5 ve i a ee ee — i 
1b. 0040) 476 Weso0 Mies Wea tas o 
De nl 61 64 62 56 59 SEM MSH Me Sten loo 66 66 102 
3.) e970) 965 6G hes Nose) vo. pepe REMMI I Gar clo Ly 
peu nN DISS 8) cle) ca 1725...) 465) 1232) 140 os) ence! 
1685 66 i383 3h SO) aon ands 6.... 194 266 247 128 134 194 
6 NS MNT Ye CED Okey has Vesna, Gon AGO. LTS) Vie OO Se ralvmmnor 
7 Ol 85 eZ, wLOSe: eS Sy Soo. 00 0 67 LOOT Cad 24 eS 
8 88h 01l7) 17, OF) sz, Or 9..5- 18°38) | 35). 07) Uc ee 
2 2 3 
2 MO tel 8) PE BAT ISD 1730.... 70 104 107 55 45 76 
1690 70 93 127 77 76 89 1.... 114 143 159 68 87 114 
1 100 140 164 112 97 123 2... 103). 1S4 156 49 58 104 
2 ley 280 2) ISS} I) 3.... 48 105 109 30 38 66 
3 04 142 173 92 78 «116 Ae LOST T2552 63 65 101 
4 122 221 233 163 139 176 
WESscos ZS 24 45 13 15 24 
1695 69 132 138 80 70~=—s «98 6 109 126 140 61 63 100 
6 59 82 68 45 307) 757; 7 65 63 73 20 30. «OS. 
erro MU IU 78) SB GI 8.5 127) 158 | 147 4G) Goi alls 
8 163 225 207 +107 119 164 9 81 04 121 47 68 
9 135 228 189 99 94 149 
9} 
1700 64 126 161 42 49 88 Wee Hep UBD Ie ie ge te 
1 122 169 123 63 65 108 
1 135 211 259 81 67 151 
2 82 117 90 42 51 76 
2 107 171 #197 76 70 =124 
3 146 187 155 96 118 140 
Bossi p95) p20 LOE) 0s 7 30/02 4... 121 160 166 4050 109 mies 
4 OS On WAO 41 60 109 
1705 120 187 206 63 a aS 1745 149 200 224 i111 95 156 
6 BB 16h j1S2 43 72 95 68282208) 2307 2581 139) soe oS 
7 83 214 194 51 84 123 Tosoon 2A Gy zl 85 98 127 
8 52 87 94 21 44 60 8.... 48 37 4l 09 14 30 
9 73 139 146 52 43 92 9.... 170 141 164 91 94 132 
WAGs coo 165 Als ZAI 71 91 144 1750.... 128 98 142 70 62 100 
1 125 179 182 63 63 122 Wee HAG ehh ey 57 72 110 
Deis TAZ ors) 49 78 59 107 PRs ai OYA 36 38 23 18 35 | 
Saooa We) AG IZ) 74 64 115 Sieie eunay/5) 56 28 53 30 48 | 
Geng I) YA) UBS 70 61 118 Ae estat | 93 171 60 52 97 ia 
* Table 62 in Appendix is so numbered because it deals throughout with tree OL-S-62. 
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TABLE 62-1.—Continued 


Year N. ENE. SE. SW. WNW. Av. Year N. ENE. SE. SW. WNW. Av. 
Meme 32) 39 «29:0 2t 6 SS W7Osse ee 148) eee AST) Tit) 133) 142 
mi0d 103 «Cl ss 6870s 9 Gress le i37, 150) 112) iso) 133 
aap 130) 132, «129 «79. - 69" 108 Te o2 = 11a) 138 £85. 990) 105 
8....128 196 167 135 121 149 8 50). 63 67. 38 48. 58 
pee 143 163) lol «©—93-««102 132 One 102) 112700) 123) 8501340 Its 
i760.... 167 138 165 124 117. 142 1800! +20 704068'1 1 520i 40 73) FOL 
1 SQM 8500 961766" 74) 482 Lee 70m 740i SOAS ime eo 66 
Bee 13510129) 1127. 84-86 «112 De MMT Joh GF UN ASKER 85870 
3 Bates $5) 530.26 191 23. 939 Bey co Same SOME SOs Azan | £7080, MOS 
peeri24 0116) 128 101 193° 112 4 S57} { OS mii S264 whl 7104 80 


me 1080199>) 82 651.155), 82 7 OT 102 79ers O35 oe 
8 BQmk 73e 62°. 48.1 59" 166 88105 8 120. 8115 Stan iz2— 109 
9 eave sali 44-4) 1011410), ):22 G11 143-8 157 120 75:8 Liem, 123 
1770 ZO TAT OR 58 bch 21 Wi? 22-635 1810.2 126 114501 10200 74 iat ts 
1 Sy S518 46... 221) 26). 340 1906 2.131 106s 76s TO 04 
2 SOWM 420 5202 120) 15s: 634 Di i50) 1598 102" 820 Ito e2 
3 Owe ete 12). JO Of vOs 30 We 3024 370 20 oe Ont oe et 
4 BoM 42m BSR) 214 280) 1133 4 Ge 624102 1 S218 S4ae SA art 
Some sa S44; 26.58 21, 0138 1915. .291291/10 124 eh S271 ee 89 G9 

170MR SOE 91: 480% 41: 186 65/9183) 16178 9 152) 11S ae 140), 2154 

OOM 94 107.) 461% 48 477 7 GSr OSie Gant Smee STs E72 

SOME LOSS 832 32y 28 «60 Gu NNR G7Ae 34 P Siuae 2 1td 284 30 
6319000 65). 31)! ) 49°. 60 @. GEO 14105 ht G4 e149 WEE 65. B76 

Alien 77 Ww $8 tir 32 ser 40° 50 1820 Git Slat Swed 20R0t 385, B52 
O74 BA 121 yo 83) 70. 101 1) 5 138% 163; 107/50 1030 1275 128 

Pome ASC 100i S74) Pe24 492 2 S3ia8 Je .43H8 Zonk Sie’ 848 
ASIST Rh 131) 794/592), 119 3 CO 110M 79M ‘Some 2 MSD 

30 250 214 108 147 150 4. ey 105 te 10208 Ol Be GoRe SI 085 
SSMMECS Ci 24 8 204° ESI; 1:39 1925"), 9, 1320) 11459) 107m “SOen 98) 106 

ESE G48) 40a 2000 47). | 47 64. 9 1319 166k 120% 117 1338, 133 

Vee 73 84 AES4 E70, ..72 7, sal a 104 te 100 79 ee di7), Vates 

2ewe G8 il 82 es 30h S2..,° 60 8.98 04e5 1228) SON 761%) 99, 296 

TPE 7S 2 85) 36 LESS). 67 GO) 47a 4aGel Ag a 37 (6s 4G 

mye 141 151. 52 82 110 1830.-2.)127) 119). 80.) 72 1201) 104 

100 135 113. «76. 101 105 (enced 140) | WS 109  1 4 ip 

eo 148 «4182 «| 88 «136 «138 De 864 88) 0Gu) 835) eae on 

165 157 189 132 140 157 By cans) 144 2s 102 e128) ar 123 
CsiG7)) 121) 162 115) 101 AOR e7 ie aaa E Gam th Siam Geena 
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TasLe 62-1.—Continued 


SW. WNW. Av. 


87 
50 
61 


105 
58 


105 
69 


Year 


1865. .* 


VOL. 145 


SW. WNW. Av. | 


62 80 65 | 
98 136 126 | 
94 111 114) 
163 215 186 | 
92 125 12am 
125 159 15iM 
41 61 56f 
105.129 Tia 
44 62 611 
108 132 
768 
Goa 22 
33.25 
59 26 
27 ale 
20. 12 
53 ayes 
0 a7 
130 69 
110 78 
137° 7 
110 100 
93 83 
92 96 
87 106 
120 120 
88 125 
69 115 
Sage 88 
106 134 


ReneS 
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Sw. 
65 


TABLE 62-1.—Continued 


WNW. Av. 


Year 


SW. 


230 
Zu 
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WNW. Av. 


231 
214 


312 
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TABLE 62-2—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radu of the ponderosa pine, OL-S-62, trunk section 2, 


Year N 
1695 s6..22 47 
(oN 96 
Teaser 135 
Sunes 165 
OF a tae 180 
7/008 Sere 111 
le caleee, 176 
2h Ga 159 
Stair, 79 
4a Nhe 127 
WAS 55665 183 
Outs: 154 
Fee 171 
Serene 118 
Oe, 192 
WAW sons 247 
Lit 245 
De ens 174 
Sl islions 173 
Alene 167 
IZA Sy ousiieses 151 
Ge 6 
Tees 205 
aaeete 221 
Oe Sects 206 
17/20 see 220 
Sears 183 
2 A 89 
SHEE ns 121 
As (4: 94 
T7252 es 150 
ee 152 
Tone 80 
Saecey 86 
Dieters 28 
17303205 100 
beries 113 
PAS 111 
Soacas 88 


5.4 feet above ground 


Year N. 
73a evaete 26 
Oversees 104 
Tish esOe 46 
Sees 108 
Oot 85 
WA ines 112 
dete, 121 
TANT Ae 84 
See 150 
Av toa 149 
1745 Seas 152 
Gude. 180 
a 139 
Sieies 27 
Qs 121 
W750 Wines 125 
1, es 139 
PEE OEP 32 
Bae 43 
Ca 78 
Wee oe 37 
O2.goee 85 
Vee te 103 
Seana: 139 
Seas 107 
NATO sosea 124 
are 81 
CAN a 88 
SB Sereyaue 24 
Bo aie 77 
Wied de 48 
Gusae 133 
Lane 33 
Shih ee 69 
eae 23 
T7720 Seca 57 
1 44 
Dw atets 38 
Sores 0 
(te 20 
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Year N 
VCE 44 
Oxcad 57 
discs es 72 
Ske wisiets 49 
eee 53 
1780)... 3: 42 
Deceit 86 
Di cist 74 
Sat are 106 
Be oe 161 
178555535 43 
Gisinieinis 26 
esate 57 
Sok 57 
955.28 70 
1790). «5.13 100 
le scca 98 
CAs 147 
Bis o'4s 163 
Wiaiccnidis 103 
1 74S 127 
Os .i.g 159 
ios ts 105 
Bh aus 51 
A ae 135 
1800..... 80 
Aer 70 
(Apa 89 
Soeaes 51 
ae 91 
TSO5% 5. 67 
Gr sie 68 
Coser 95 
Sik a 112 
aa 112 
TSO. 33. 119 
He. 90 
7A 114 
Si raverake 19 


102 


181 


Av. 
35 
50 
60 
40 
52 


TABLE 62-2.—Continued 


Year N. 
ISIS. te 93 
Oe. 123 
Taine 80 
Shek 31 
OF eae 95 
18202542 by/ 
Lecieeh 122 
Qeaaee 52 
Sets 87 
Cee 96 
S255 ce 123 
Gone! 145 
7 ERM Ns 127 
Se cech 100 
Dae 45 
1830.8: 107 
Bente 115 
Denne 106 
Sie 111 
Ae vet 53 
1835 yc 109 
One 55 
DRUGS 73 
Shaws 107 
Oeems 94 
1840..... 81 
Loco 77 
2a 28 
Sracrerete 55 
Ce 68 
BAS ae cer 25 
6.6228 25 
Leas ee 0 
Shoe 78 
Deeds 66 
SSO eye 97 
ae 58 
Bees a8 117 
Seis 91 
A ae 115 


313 


314 
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TABLE 62-2.—C ontinued 


N. SE. SW. Av. Year N. SE, 
i ae 88 86 G01. 4892 1895..... 80 63 
sa 55 wilog Liis2.. Wess 6... .caas | Mei2g 
ae 14 A 22 CMON dete 7. ATT Wee 
ae. 73, O64: UO a7. 1 hmED 8... eer80) Bes 
ae 35 Win i4a B22). ieee 9. SAAT W253 
a 73.0 83 6/58. AFA 1900... 80 37 th.35 
ee. 55 bOh77 oo. wities 1.2) Beso R830 
en. 104 MhNiO3) Wiss, Aei94 2. SMOG Mapes 
a BF NAOT MANAG + hit 23 8.  PARZ3 PORSS 
e 56 OO Se La. | eas 4... 0025 WR © 
ae 54 08166 £8546. 01 955 1905..... 78 63 
ae 123 e572) i277 6: ..20100 8H) 75 
ee. 68 14 WHUS2. Res 7. mies ant21 
ae 153. 163 151 156 8... O38: W126 
ey. 127 Meno) am to7, watt 9. SNn37 ode aie 
ae 1S C973. WL SSye valet 1910... 21127 8) 119 
8 45 52 AUP 38, ublas 1.., moa? R36 
ee 106 138 86 110 2. Mee? Win07 
ie 62 MSO Wn46.. 053 3... Mees Seal 
ae 134) 1124 #1861, 115 4. Jhs0: W100 
ve 90 MNE7O PGi ey7 1915... 40121 e104 
vot 53 FYI76 A446L.» (863 6... REP 90 TREF2 
Oe 34 E4437 ban20.ige30 7 an 835 RASA 
er 72 Wabss W202, ua as g.... hoz Wiv798 
Ee 26. 1s. eia24'. ieae 9... Lbiigo: Biae2 
sg 12.88 12°58 | 0. aos 1920..... 139 170 
ue 43 QHi29 T5528). neh es 1... 2161 #9210 
8 4) 18074 GRN77. 78 2... 00174 MbI95 
mee: 113, SONG7 Uo 7s gues 3... Shae? M205 
Pie 123 8 76 95 4... 149 Piel 
a 126 16 91 86... 201 1925....69163 e178 
om 110: 92) Ga 79 0h 94 6. P77, AG 
ae 90 M73) M3 08 75 7. AOA Tas 
on 116 1.04 #3289 . 103 8... ops TEL80 
Bo 113 \9' 84 66 088 9..... 198 164 
ol 110 M107 Sei «) 109 1930..... 134 120 
ee 120 105 76 100 Le. sald Ghioe 
Bem: 107 We St 105) 4umos B... ise 19143 
a 53 AW) 55) en 48 vn wes2 3... Seige MAI5I 
: 128 Sond 15. 20M04. 2016 A joc AMLO7 SO 62 
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SW. Av. 
53 65 
21 30 
59 66 
63 69 
26 33 
27 33 
23 34 
16 19 
53 60 
0 08 
50 64 
63 79 
133-139 
112, 7125 
90 «8113 
95 114 
133) 37 
97 99 
30 31 
68: 83 
76 ~=—-: 100 
73 78 
175: 3155 
94 95 
161 +161 
172. - 160 
188 186 
202. =—-:190 
188 §=192 
155 )ynlos 
224 =: 188 
193 187 
93 94 
205 190 
220 836194 
144 = 133 
158 122 
172) 25H 167. 
219 186 
92 87 
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TABLE 62-2.—C ontinued 


Year N. SE. SW. Ay. Year N. SE. SW. 
MOSS sie Se OL, 119). 124 Diane, 129 CO Ghz 
Gases 93 70 ~=:101 88 Sic 107 83-113 
icc 1405, 109, 120 «123 Acres 157 Ol, 123 
Seas 123 84 97 ~=—s «101 
Ol ret 92 66 83 80 1945..... 96n A01 109 
(Saas cad 144 148 139 
1940). o,y- 82 63 75 73 7 Lis ess 75 63 81 


hod Fee 200 11905 163), 161 


TasL_E 62-3.—Growth-layer thicknesses, in hundredths of a millimeter, 
designated radii of the ponderosa pine, OL-S-62, trunk section 3, 
9.9 feet above ground 


Year N. SE. SW. Av. Year N. SE. SW. 
1712... ea gi S078 Dh Wap eae ED 
Bsa) 1764, 167.) 169 3..... 212.147. 175 
Ruane), 156.1. 149... 150 4) ys 28, 186, Mw Ass 
1715..... 153 157 110 140 a ale ae 
Bee iol) 118 39° 103 
6..... 225 209 194 
7... 227 261 202 230 : ee 
gute Dac 27307) 2327) 247 ae : ie 1 A a 
9.....212 215 164 197 pee een i ie 
1720..... 292 290 207 263 
1..... 249 232 180 220 1750..... 174 174 147 
BM tse 1037) 94" | int cot 169 182 159 
Biso” 1437 150°.) 158 Pei 31) 33°" 27 
etedse ice 100” 121 3h 50 93 © ©96 
1725..... 242 206 145 197 Mouos SS UIE) ee 
6..... 220 208 153 194 a oat Ae Be os 
ye, Ba SeNh 7400) 80 
6.0). 120. 124.) 104 
Be isae 1180 102) 118 
eee SAN ch ce 7 Ge se lie 
Ga! BNE 
1730..... 128 132 100 119 Gh tae ide eine 
TW 6seh 1458 11), wd 
Pn 146% 103 134.) 128 1760..... 144 186 171 
Bi) Wie 73x 102.6 92 Loe gi) one ge 
Unie ata 1260) 130). 132 2 oe. 82 117 «98 
1735..... 4am) ag" 25" 30 : So083 a ee 
Be 125i 1SGnn) 130,9:189. wea 
rie am Gua G31 160 se a ae as 
BVO 60) 136. 138.145 
Pye oth ae” 00 ei 04 92 126 
7 a agen gikeb tag 
1740..... 147. 107. 122 125 got 84. 728s 
1.....1600 118 125 134 Bee Bo Ol 23 
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TABLE 62-3.—C ontinued 


N. SE. SW. Av. Year N. SE. SW. Av. 
savereue 54 45 47 49 1810..... 103 126 92 107 
pal Ne 61 43 48 51 i Reem finale 15 17 fala 0 74 107 
ratte 46 45 36 42 retin bie 120 123 121 
ainaicke 0 06 0 02 Seccen wlS 23 32 23 
ani 24s 27) 27 26 Ales 5501) waaay mea 
fh oe 36 53 37 42 ISIS A. co) 4S) 90 ~=©100 90 
cy ahevs 88 82 79 83 Gscce5 £25 167 149 147 
BAG 70 86 65 74 ERENT Che) 77 87 81 
og SRS 68 68 38 58 Seach 3S 38 32 34 
as 70 81 52 68 DAs Ye GBS 76 74 79 
evens 4) 69 44 51 1820..... 64 53 47 55 
aiereoens 97 118 103 106 Lees yes 110 119 117 
ARNG 94 128 76 99 PAB Rh OSD) 53 51 51 
lente 128 139 96 121 AREA Coy 87 79 84 
iis Cre 181 190 160 177 4.2.52. 116 100 94 103 
BPA 55 40 40 45 US25525 ee, 118 115 118 
Be 15 76 23 38 665050147) ) AIS T49 138 
BA in 47 102 55 68 7 feveape bas (Gs sl 93 96 
PIE 57 102 47 69 oodce JUS 82 100 6 
sty ae 71 93 42 69 Dose KAO 44 46 43 
Mee 102) Ry 122 62 95 1830..... 88 69 88 82 
ase 10725 84 105 Weeooe 124) aloe be 116 
aan LS) Oe MAD YS eZ 157 PASE tts) 85 97 89 
Sia Dsgaie 152 152 138 147 Suma KOZ 107 96 100 
seavake 102 126 107 112 4..... 43 63 50 52 
sales 138 154 136 143 1855.8 ad, 97 106 97 100 
selatne 153 136 119 136 6: 8851 460 64 55 60 
ae 110 133 110 118 Ts 6S 63 70 67 
pee 70 74 55 66 Mee COTA 96 97 97 
Salers 137 155 121 138 9..... 108 94 119 107 
carers 75 70 69 71 1840..... 84 89 79 84 
eae 75 65 73 71 LP a6 75 65 72 
ees 82 89 56 76 2 ee: 28 26 26 
6 60 62 55 59 3.1. Whe beoS 60 59 57 
BEE 96 92 90 93 C VAMP ap ne | oss 67 75 70 
ea te 70 90 74 78 1845..... 23 22 29 25 
3 acevats 69 94 78 80 Gee uee 22, 27 24 
a jie LOLs 87 105 Terabiss ee) 0 0 0 
ois eyes 121 138 109 123 Bice Mes 69 67 68 
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TABLE 62-3.—C ontinued 


Year N. SE. SW. Av. Year N. SE. 
185000 ce. 95 113 98 102 TE90 choles 119 =110 
be raints:« 73 83 50 69 Leas 116 95 
Bete IO, 4 |) 60) 103 2a 111 116 
Beet OA aldan 20h! (go cy 45 Si 
Aine 120" 129) 100) 116 Abe 114-97 
185525063 93 95 79 89 1895 5205. 89 58 
Once: 53 56 41 50 O.58. 52 35 
LiSoves 16 0 12 09 Raccitirs 65 57 
Sie. 63, 167. 65 - 65 ae WG 
Bier, Born 28, 433)" 3h ON 46 30 
1860..... 70 68 60 66 L900 Ree 41 27 
Jee 63 58 49 57 D092 46 26 
Qe cine 92 86 72 83 De siscals 28 20 
Seis 34 23 18 25 Sees 90 56 
ALi Sma 242. 62 ..,'S4 aan IShs aC 
1865555). 61 50 43 51 1905 vere 84 50 
Owes. 110 116 #8110 112 Gases 89 81 
Te Sass 96 ~#110 88 98 Tierney 171%; 138 
Seber. 156 176 143 158 Saha 150 )=—s-:118 
iS ee 121 124 8 103 116 De iain 132. ~=100 
EV Os oaise 1276 NST 121 133 I91055,.0. 120 =: 103 
Line 39 46 40 42 es 136 =: 1130 
Zauues 107 99 93 100 Drvetoers 89 100 
Since 53 55 35 48 Sih: 39 38 
Ans 113s «104 95 104 Aes. 89 85 
TEAS ss: 74 71 78 74 VOUS ha, 116 85 
Guictoiss 48 52 64 55 Omciees 82 75 
CPea oe 36 27 18 27, Lecter 133 166 
See. 47 22 33 34 Sete. 68 96 
Dees 27 25 16 23 ORs 115 167 
1880... 05 0 14 06 1O2Z0 Serer 107155 
1 33 24 33 30 Dh. dsyers 114 =:158 
Belin 86 76 64 75 PSS 158 200 
STS Ae 113 83 69 88 Series 131 195 
Pa 119 86 76 94 eee 131 =—-:168 
SSSe ee. 140 94 84 106 1925. ene 15 Zee 215 
Ossees 119 98 75 97 Ge eon 149 212 
Ue iss 94 64 56 71 Tsar 85 95 
See. 121 + 100 85 102 Sere. 178 196 
Da sieies 122 89 84 98 Dokes 174 =205 
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Year N. 
19300248. 116 
L..88: 149 
Oise 170 
Sanat 160 
ee 105 
LOSS ier 142 
Gres 82 
Tied 129 
Saas 117 


SE. 
155 
176 
194 
215 

79 


131 

95 
140 
107 


SW. 


136 
136 
168 
166 

93 


118 

86 
139 
114 


Av. 
136 
154 
177 
180 

92 


130 

88 
136 
113 


TABLE 62-3.—Continued 


Year N. 
On as 93 
1940..... 82 
Tent. 180 
(Ae 122 
Sean 103 
A se 129 
1945.20 87 
Goes 131 
Tice 68 
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SE. 
105 


71 
188 
120 
113 
140 


87 
102 
88 


VOL. 


Sw. 
97 


80 
190 
117 
117 
127 


109 
154 
78 


TABLE 62-4.—Growth-layer thicknesses, in hundredths of a millimeter, 
designated radi of the ponderosa pine, OL-S-62, trunk section 4, 


Year N. 
1724..... 141 
W725 eee 405 
Oucee 446 
here 216 
Sees: 233 
RN 62 
1/30. 40s 100 
Lae 200 
Dseh. 197 
Susie 129 
A ets 179 
17353 a. 47 
Cisse 150 
They 65 
Site 117 
Dain 72 
1740..... 120 
Li eek 90 
Dati 81 
Sheets 144 
Bias 143 
7455.0" 128 
Osc 159 
Maccn 103 
Sascee 35 
Qo seete 125 


Av. 


14.4 feet above ground 


Year N. 
17504... 5 159 
1 Gane 150 
Danes 16 
Sti gets 56 
BS eseye 100 
ISS ae 40 
Oe seen. 96 
7 cathe 99 
Sea. 105 
De Bake 96 
160 RBs: 135 
Dickoass 70 
PR Nee 83 
Ae 9 36 
44505. 99 
W/OD) ee 51 
O20 Bk 100 
Temes: 67 
Se es 82 
OT Eas 0 
WAU Geis 31 
Lee 46 
Zr itents 33 
Sactss 0 
cet 33 
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TABLE 62-4.—Continued 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
A/D anveleis 50 63 58 57 SUS yeteyers 96 86 8122 101 
Ones 79) 102) 1 97 Ones: 1465, 1677 152 155 
Liidissers 83 93 91 89 Peat: 94 94 79 89 
Shivers: 56 69 81 69 Sac. 27 41 48 39 
Siisess 75 75 100 83. ON Feiesve 73 68 100 80 
1780..... 59 63 84 §=6 69 POZO ey. 51 47 55 51 
deere Sere 24 2) 17407) 132 HU entlbe 1222 Vie 45 126 
TAMERS 67 117," 118 101 Deas e 45 62 62 56 
Siiasas 1G 1225) 141 126 Shei 84° =: 108 99 97 
Bias 166) 212". 1187 188 Ae eas 104% 1237) 115 114 
LS AGa RE 49 31 84 55 PO25 ee en ZO Ss 124 
Oxia 0 81 80 54 Osesss 1270) 14 1507 139 
Viernes 57 118 116 97 Y oa 110) 100 M12 107 
Sioeas 60 125 75 87 Soe 96 Sou kl 97 
Oren 60 143 98 100 Oiisiva: 41 36 57 45 
1790..... 91 170 = 144 135 HeSOn6 obo 78 62 96 79 
Deca 119 185 200 168 De ets 118 «861040 =—143 122 
PAR aN 166i) (233i. 216145 205 Dies tars 84 86 102 91 
Sesion: 148 214 201 188 CSS 95 109 114 106 
Biviece's Some LOL) 153%" "133 8 ss 53 66 50 56 
1795..... 119 193 154 155 1S35eeae 100 99 95 98 
Geen liG. | 175.) 192 161 Geen 54 67 50 Gy 
Zee 1010" 142.) 163" 135 hese 56 67 62 62 
Sense 59 87 97 81 Sesein. 82 104 103 96 
Oeerea's 113 158 170 = 8147 Oe: 98 1245 eligea ATS 
1800..... 59 79 91 76 1840..... 82 107 97 95 
1 Sea 78 85 104 89 1 sini 72 84 80 79 
CA 82 83 93 86 Biscters 23 27 27 26 
Danses 40 66 73 60 Slactisoe 53 58 73 61 
cE doe OLR TT 95 Ait 63 66 74 68 
1805.:025 60 100 105 88 1845..... 24 21 30 25 
ance 60 838 88 79 Giisenss: 22 25 27 25 
Cftinere 45) 1225 138) 112 Videisis 0 0 0 0 
Seas: O59 = 160) 7.137 Gikeeiate 70 66 82 73 
Dies LOO WSS) 4) 152) 137 OR ra 60 66 73 66 
181OR Ae: 91 123 109 ~ =§6108 T8500..0.. 84 = 121 98 101 
Dl xerstas 96 127 128 = 117 eae 55 98 62 72 
Denes 115 119 154 129 Deals 100 36157 86 §=6.114 
Sasa 19 25 42 29 Biivsars 4 78 =119 62 86 
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TasLe 62-4.—Continued 


Year N. SE. SW. Av. Year N. 
HSS Sees S38) 22 75 93 1880..... 0 
(eee 51 7 48 59 i eure eee 30 
TN 06 14 16 12 (Aaa 73 
SA 57 86 65 69 Deeks 109 
Que 28) Al 637 ngs aeae 115 
1860..... 59 81 67 69 1SSoe ee 129 
di gets 52 72 49 58 6nckiae 122 
Bi a 84 94 62 80 iota 94 
PS one 24 27 19 23 Setar 111 
ess 50 49) 40) 46 Gone 103 
1865s aK 52 57 60 56 1890..... 111 
6... 98 141 89 =: 109 sapere 98 
Ties 79 ~=«118 59 85 Bie hesane 115 
Se Ion 7s.) 107 133 Bee 40 
Cea 110 136 78 108 Aen 109 
1870; . 53. 113. «161~—Ss«116 130 1895..... 73 
Tae 39 41 41 40 Osisevexs 39 
Deen 79 97 98 91 Cesscechine 66 
Bees 36,24 U5lua) 38 nee Sie 84 
Pies 84 1tt | 90.” 95 Oe 38 
B75 :2 ae 62 72 65 66 1900..... 33 
Oia 43 66 59 56 Dc eeaye 39 
Tsien 25 23 14 21 Dis cstv 28 
Senate 41 25 22 29 Sis aes 77 
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SW. Av. 
0 0 
24 30 
71 71 
54 82 
74 96 
80 105 
65 95 
51 74 
82 98 
77 93 
69 101 
70 94 
78 106 
36 44 
80 102 
41 62 
04 35 
60 62 
63 74 
23 33 
19 29 
26 33 
10 20 
57 67 
0 04 
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TABLE 62-4.—Continued 


Year N. SE. SW. Ay. Year N. SE, SW. Av. 
1905pe 73 55 48 59 Taieordt 78 86 95 86 
Oltheraye 94 85 53 77 Seyi 159 197 199 185 
he eae 157-159 87 =: 134 ON 140 219 211 190 
Seas Fe 157 152 92 134 
ONE 3 120. = 121 69 103 19303022: 114 «143141 133 
5 Oe 119 166, 154 3146 
1910..... 115 119 86 107 Daler: 151 179 197 176 
ieee 129. 142 #107 126 Brae 148 223 ’ 216 196 
Aa ee 98 119 81 99 Abbe 3 95 87 —s- 108 97 
Se eee 42 43 34 40 
4.0... 87) 100) 074...” 487 1935..... 131g. 0398) S45 Iss 


6..... ger A032 BAN «82 ae 112 108 133 118 
Fay id 155) 163") 4102" 140 5 pial dane Wie menCs 
Sint Ban ranOs4 By27 4500. | agers 
rs 165 188 (121 1940..... 68 78 90) 79 
192050 BAe 1191474). 92 1..... 170 176 86203183 
1 Reais pales 103 171 96 123 D etelsiere 111 96 130 112 
Peeps 134) 175.) 123), 144 3..... ee 
ena 129 169 134 144 ee 116 123 157 132 
Boe, 2) isd 106 | 127 
1O45iher Sonos el sore 102 
1625 127s 219M 152) 166 6 1s5eiziee wetie wcise 
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TABLE 62-5.—Growth-layer thicknesses, in hundredths of a millimeter, along designated radii of 
the ponderosa pine, OL-S-62, trunk section 5, 19.3 feet above ground 


Year N. ENE. SE. SW. WNW. Av. Year N. ENE. SE. SW. WNW. Av. 
1740....123 95 96 85 109 102 1780... 47 SL 83) 50 73a 
1s 0 215) 215) 2149 192 yea) 204 1.... 104. 94 135 ie 113m 
Py IG a NE GS Tes 2....100 99 129 103 104-4@g 
3... 281 275) | 260) ) 268 Giz, 279 3.... 140 106 147 139 -123 fem 
4... 258: 225 | 266 228 267249 4....203 171 204 190 178 alee 
1745.... 296 279 273 252 290 278 1785 57 36 57 45 46 4 
6s) 33120 B28 n362) ale 2854 32d 6 0 S6 117 112 49:7 
7) 22" 239 1239 104 86) 216 7... 152 110 162 163 90) tee 
8 68) 89) E79 nS Woot nel 8....161 105 126 161 110 ig 
9,..)7248 263 9220 228 230’ 238 9....°1387 “m0 (128 151 doa ize 
1750...)W219, ©262 5244 211 205)" 228 1790.... 156 105 135 161 135 138 
11.25 186) | 206), 4206) e571 185)" 178 1....972 157 149 | 222) 166) ie 
2 30, [haa TS) Mle | paeihiel3s 2.... 165 226 236 260 244 226 
3. 35) fl47” S|) 79 ye 8or IZ 3.10. 165 223 274 226203 aie 
Ae 10S, MICS WEI2 178) V03t OO 4.... 119 138 164 178 198 15q 


7 Ab 79) ye 87). ESO 52 GA 72.5026 4 V27 , 153) 1G) (ize 
8 525 G3) LOZ G7, Nehost eho” 8.... 139 151 132 196) 139 aiSe 
9 Dl B2T ROS GRA | bn. G97) 1138 9..227153. A714 oon ie 
1770 50 48 80 60 54 S58 1810. 124 156 102 124 135 128 
1 Do) VALE BO GS S560) 1 98 125 117° 140) 115 ae 
2 44° 35, 50 51) 43. AG 2.... 108 162 168 155 140 147 
3 On OF et 20 e277 aks S66 18 33. 35), 27-20 ee 
4 297) 32 40" 37183") 34 4 69 40) 9600 26) G5 yes 
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| Year N 

mis20.. 2.) 57 

fort... 130 

2... 53 

ie 3... 102 

4... . 122 

11825.....115 

6... . 137 

M7... 111 

8... ..108 

me 9.... 56 
i 

1830.... 102 

ie. pez? 

Bene... 102 

3... 104 

mm 4.... 58 

96 

78 

85 

Bal 24 

130 

. 100 

86 

30 

61 

95 

30 

34 

0 

97 

76 

122 

85 

134 
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SW. WNW. Av. 
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E880. 


N. ENE. 

ee Sens O4, 
2141 121 

soil 4 ESO 
Gs114 1) OSL 00 
Hels Onna 
Seoeg a 7h) 
OF on Al 2 $0 
Bee Sea ak WAY 
cata) Zones OF 
2 cee Ole 93 
Soon) 24 4) 
4 wa Ooe LOS 
Soret OlgmansOZ 
On 560 BWA 3128) 
Tite eo Ms AZZ, 
Soc LoOM st 
aa isk ey 
135 146 

1 46 33 
Zaulden LOS 
Siro OO) ga 38 
4 105 102 
Sa SZ 

6 7) teks) 
Pted) 2 P43 
Sor SY 4S 
9 Zao, 
0 8610 

41 47 

sta A OF 
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Sebo WU AY) 
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3 
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SW. WNW. Av. 


147 
192 


117 
79 
28 
94 
60 


120 
136 


100 
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80 
20 
96 
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117 
153 


101 
112 
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SW. WNW. Av. 


164 


128 
140 
107 
130 
133 


Year 
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TABLE 62-6.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, trunk section 6, 


Year N. 
5B 130 
Qi eaies 185 
1760)... 139 
Mees sioee 132 
7 68 
aertite 32 
Aisi 55 
ViGkig anon 25 
Geet 05 
Ceneer 20 
Sa caiate 33 
Drake 22 
Wisco oe 15 
Ass acscore 46 
Bees 55 
Soe ber 16 
A iets 38 
WAS ce sss 80 
Oi ieieress 132 
Tec 166 
Sisieins 120 
OR 122 
NZSO ek oe 101 
seers 197 
Diet 186 
renee 216 
AS ise 355 
ASS sts 100 
Grice 216 
TOR 272 
Sele 290 
aa 233 
1790 2.0008 288 
Leste: 316 
Diarvevste 321 
Siwese 308 
Boule 177 
S55. 275 247 


G..... 248 


Av. 


109 
215 


146 
114 


25.0 feet above ground 


Year N. 
Y erat 181 
Sie siete 139 
ve 240 

PSOOe se ae 147 
1 es 146 
CARES 131 
Diaeves 97 
Oks 145 

TSO5eeeee 143 
Of eist 100 
heir: 188 
Sis: 197 
Oc 174 

1S1OR. ok 132 
Lue 141 
Bite’ siche 176 
Ssiiets 37 
2 98 

TONS eet 134 
Onsen 169 
Lee 107 
Saar 86 
Oe vo 121 

1S20 See 90 
aS a7 177 
Zr sue 95 
Sees Se 121 
Cane 138 

GVA ee ere 138 
Gece 168 
There 145 
See 122 
De eae 78 

18305..2; 118 
Ny Seas 162 
Dieronts 143 
Siaeee 137 
(RS 85 
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TABLE 62-6.—C ontinued 


Year N. SE. SW. Av. Year N. SE. 
SSS... 135 109 104 116 18/5052... 113 82 
Ops 102 60 79 80 (I 94 77 
CS 100 75 68 81 Toa 0 42 41 
Sete 158 98 95 117 iste ate 41 44 
Qu 171 welll yad2ty 165 Ongee a2. 38 
1840..... 135 109 105 116 1880..... 04 15 
Ween 127 85 90 101 NE 40 44 
Zn 54 37 42 44 Drs 89 78 
See ci 88 61 77 75 Seseese 129 = 105 
Bok 105 44 74 vaes4 491 Gio 125 99 
1845..... 35 25 37 32 LSS oeeee 154 =113 
(ean A 49 28 26 34 One 135 109 
ROS 5 15 0 16 10 Daves 140 98 
Sic 97 78 92 89 Switnes 151127 
Ore 9 78 94 90 oe 147. 140 
1850... 0 P42 e132) e855 143 1890..... 125 140 
1 es VAL ile 92 109 A Uaioe 137. 109 
CARED 185ag15o" e148 163 Bier 132 =115 
Bae 1S wei27 weis2. | 143 Bee 564 
ree 166 160 162 163 i At 150 125 
1855 cae 152) Bul Z0 ake 129 1895..... 80 73 
Gene 77 78 68 74 Gu cet 70 34 
Tis vaets 35 16 27 26 Tea 83 64 
Bee CF uk 77 Ok ee Bae A 78 
Ou on BAe ad) unas 1) 4ao ne’ 54, ba 37 
13602 cc 106 85 91 94 1900..... 47 33 
1 Meena 98 185 89 124 De sue 58 41 
Paneer’ 132 10 = 103 82 A 43 29 
Sea 43 43 27 38 came 108 75 
Ey 760 c460 weaGO. Kes en 25 Ot 0 
Uso 55 81 64 75 73 1905.2. n 100 67 
Geneon 180 151 155 162 (Nea 110 87 
Tpisitee 143° D135) 20133 137 7a 179 = 168 
Sin eres 181 190 187 186 (rae OE 158 166 
Ds. 159; (2174) 37° 157, Ques 130 =3=—s:118 
1870 scone 154 165 134 #151 1910, 233 128 §=128 
ee 70 46 39 52 hie bat 150 §=6145 
Dinos 140 104 # 104 116 eee 108 §=113 
San 90 60 67 72 S eae 62 53 
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SW. Av 
89 95 
68 80 
20 34 
35 40 
37 36 
06 08 
44 43 
70 79 
97 110 
103 109 
98 122 
108 117 
89 109 
104 127 
130 139 
115 127 
86 111 
105 117 
67 62 
117 131 
54 69 
40 48 
73 73 
67 73 
56 49 
36 39 
48 49 
30 34 
74 86 

0 09 
52 73 
80 92 
124 157 
135 153 
95 114 
115 124 
110 135 
109 110 
56 57 
105 107 
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Year N. 
TOUS, ose 126 
(see 109 
Locett 168 
Ne 93 
Dis eis 185 
1920..... 156 
De aes 183 
pes 203 
eae 187 
Cae 171 
CHAT 186 
Gay. 173 
Tite: 86 
Serre 150 
Deis 182 
T9505). sac 116 
eee 139 


SW. 


103 
107 
143 

85 
151 


128 
157 
158 
173 
145 


155 
162 
117 
171 
183 


142 
145 


TABLE 62-6.—Continued 


Year N. 
TAR Ic 120 
Serene 153 
Cee 95 

LOSS yee 125 
Onissete 78 
Tic aree 105 
Sircietre 94 
as 76 

1940..... 61 
Lieihes 153 
Dintonte 104 
Desist 99 
te 107 

1945..... 108 
Ose: 139 
Discistae 83 
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TABLE 62-7.—Growih-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, trunk section 7, 


Year N. 
WAST o 6.01550 125 
Suse 157 
Se 149 
1790.).)..5< 218 
vans 228 
2 3s te 209 
Sees 227 
Beets 127 
WSs... de 244 
sb 214 
7 feet 164 
Seas 134 
Orisa 187 
TSOO.... 2 109 
Pid 106 
Zein 93 


SW. 


100 
174 


30.1 feet above ground 


Year N. 
Sis es 70 
Be Nalite 113 
TSO5aaee" 138 
O5s0% 100 
Pes 138 
See 151 
AIS 128 
1810.2: 100 
Lena 90 
anon, 113 
Sew 15 
dee 61 
TSU5 eee 102 
Gases 163 
Tiers 3 102 
See 8e 61 
Ne 83 
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Year N. 
VANS Goer 74 
Ml ies oe 139 
Ds aictas 80 
Sica 118 
Bi 124 
G25. ee 113 
Oss 148 
Pi a 120 
Siew 118 
Dias 58 
1SSOR eae 95 
Mie ode 162 
Diam 124 
Stas 128 
Boe 82 
1SSSHee oe 122 
Gees 76 
Ti MeN 85 
Satan 125 
One 147 
W840. ..5 3 109 
ec avars 107 
Beis 33 
awe 79 
7a 100 
NAS). ras 33 
Os..28 38 
Tsicars 10 
Seseee 97 
I 119 
1850%..48 160 
Ease 102 
Berocide 173 
Rese 158 
Areas Ne 155 
TB59s vais 129 
Grier 74 
MD siio ahs 14 
See 79 
LS ea! 45 


Av. 


TABLE 62-7.—Continued 


Year N 
186053. 89 
Ms ees 105 
ZAR & 119 
Sone 38 
Byte 56 
T8655) 55 67 
Ochi 151 
7 ies 154 
Seas 172 
Oo 134 
1870..... 133 
D ararays 48 
PRAMAS 112 
Si eases 64 
A seaete 108 
EVe aoe. 87 
Oui. 75 
Talons 33 
Sears 32 
STAN 30 
1880..... 03 
Hee as 40 
Deas 90 
Seka 130 
A reais 125 
1SSSyaee. 157 
Giecae 129 
Diilense 114 
Shisivas 128 
Qe 115 
1890..... 124 
UR Ren 126 
Diiaiee 130 
Sievers 50 
Alcina 149 
SOS Sore 74 
Geen 40 
be ada 61 
See 81 
Ose 38 
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TABLE 62-7.—Contimued 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
1900 Es cise 31 41 30 34 Bhagat one 148 107 #108 121 
iat 42 52 38 44 
CIN 25 30 26 27 NO 2 Steissers MT a SS e144 TS 
uaa 81 83 73 79 One WG 1 TIA 145 
An aa) 14 14 0 09 7 fer es 78 68 92 79 
Stee lae 160 1225) 190 157 
1905... 0. 78 79 60 72 Que ks 73 142 2-178 164 
i us tay ere 
Poa 175 186 166 176 Dt 134 107 #120 120 


1910..... 132 127 134 4131 4.0... ES ES) MEU He 
1..... 125 162 143148 19359).4.( 1205) 14) 17g 104 
Deis 3 102M sOpnad22,) 118 Be ws 74 «78 54 69 
3..... Se OO 37, 37 Dance Verh. alee? GK) Sieg} 
Ate 98 123 100 107 Bis 92 113 79 95 

HONS 86 114 84 95 aa = 2° = os 
Gk: 1020) 121 92 105 OZONE BNO G Be 71 
Uaica at 156 174 163 164 1a re 153. 136 132 @©140 
Seraas 69 73 76 73 De Ne 103-101 Hi) 94 
Ook Si S4 ye S50 154 Bi awe 137; See Si 24 


Wer ees MAS e ry 1S), 125 ey eee 131 89 60 93 
Vaabalod 190 92135) 2139 Ouse 204 e154 124) ol 
Sires W47 123 127) 132 Tisarone 93 95 80 89 


TABLE 62-8.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, trunk section 8, 
33.4 feet above ground 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
17955. 173005160) 186) 173 1805..... 17m 12243 27 
(ee 249 226 220 232 Gui ae 98 95 118 104 
Mees izes 420 109 Toe Dil 167, 4200 103 
Sits TD ILO eye oe) ge 204 176 189 190 
Ore Za7 237) 2Als 238 oe 175 8 1347S), aloe 
1500.2... 2. TSOM TG 197. 155 TESTO Se 120 tie 3420 125 
ae 112 115 140 122 easier 167 See iGn wersh 138 
Bane 109 122 154 128 Zeer TSO LS 150 149 
Biles o's 65 66 90 74 Seas 11 12 15 13 


Bole se 126) 126) 144" 132 AT acl 74 56 60 63 
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TABLE 62-8.—Continued 


Year N. SE. SW. Av. Year N. SE. 
1815)./ 9) 138) eye) (aet19) 0123 1850..... 183 159 
Ge 215206 9 179) 200 Lee 146 129 
Tee 110 nt02 Hae2/ os 2a 207 185 
ee 55 61 68 61 Be 178 151 
Os 60 80 82 7 Asi 191 145 
18200 55 64 65 61 1855..... 167 120 
1h 156) uunl42 enzo (tae ie CH NGG 
Dose CO USG A176. 887 Ton 34-20 
3am 142 a7 weOle ale? rule 98 96 
Ae 137 Velde yi 183 Oe 5452 
1825; 132/139. muol295) 719133 1860..... 123 104 
aaa 200 162 163 175 Lae 121793 
7 ite 159) 01107 G30) nace PARE a 129 7 
gil 150) (neL0G St30\Lyni29 Bene 52. «47 
gan 67 67, 6867 Anas 75 «64 
1330) 128 100 110 113 1865..... 95 80 
1 239 161 193 198 6... 186 169 
2 ie 130 noti2) meet) a 120 Ze 170 154 
Ble 156 10120 91389) 241 Seen 195 188 
aveane 105,984 9i95))) hos One is 156 155 
1835.08 132 MeO HP I24 Woe 1870: 143 M19 
6: ie SON 72 0 79 ake 80 Te 65 55 
Fe 081/93) 1s0)) 94 Ns. 146 135 
Bi duke 150) LOA oSy aati ce, 100 91 
Oe 181 145 117 148 dn 122) eis 
1840..... 160 122 104 129 18755... 2 100 89 
sea 145 (01990 195) Mtns Gs 88 100 
2 62) 29).0 4g. Was Feet 47 4G 
es 103 69 86 8 32. m 53.64 
A oe 132 0 84 Me 114 a0 o. 54-50 
1845..... AS hoe 20. ec28 31 1880..... 17 s9 
Ge 87 kas SB 0 § 47) ea Loe 44 44 
eon 25 aid 93 a9 Bae 119 114 
Be 132 PLNS6 Os104 07, Be. 183 153 
en 171 MOOS VeOSusqe7 Ate 168 138 


VOL. 145 
SW. Av. 
145 162 
88 121 
142 178 
152; A160 
143. =: 160 
104 = 130 
68 78 
27 27 
70 88 
65 57 
90 106 
83 99 
94 8113 
36 45 
62 67 
65 80 
136 164 
110 145 
144 176 
112 =:141 
108 130 
46 55 
121 134 
72 88 
110 115 
76 88 
76 88 
40 44 
70 62 
48 51 
35 30 
39 42 
91 108 
124 153 
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a TABLE 62-8.—C ontinued 
Year N SE. SW. Av. Year N. SE. SW. Av. 


1885..... 167) 143 1122144 Aico 164mzioueisle 176 
Ghia Wa) 118)” 126 Seas we 9g) 1890 | 1°76 WP 88 
ye 1opli2) 105) 114 Queene. 176 164 161 167 
Ory. 137143) 9) 133 
OP, Mage 37. 149 143 19200 1444s SZ eet s 

Tense 158 131 130 140 

1890..... 170 148 #126 148 Dn iat 189 134 141 155 
Ibs 143 123 105 124 Cer 165 130 164 153 
DZ aek 139 §=136 110 128 Aare, 152022 138 137 
Sasi 6s 72.61 66 
4..... 156 125 109 130 1925..... 169 134 145 149 

ee BE te ing Wa Gant WAL Kee IGA Gy) 

ee OS 80093) sae05 
ee ba S60) 150.” “53 

Qn pien: 171 149 158 159 
Tews Binet) (80°) 81 Que ied ies zt 180 
ghana GO Ny ie yee 2 ; 
9... 63 52 4955 1930..... 126 116 140 127 

1900... Be Atsg. Wei. shag Pe 140 eM 2it 32 ens 

: Duis 1730) 2154) G0) 72 
ee OH FSS) SOK ST 
eine Baia) boo... 3) Bhelan 162 146 133 147 
aunt Beas ieee. 03 Ae O32) 167, W952 785 
ee) 2 2 
i DO Ls 1935..... 117, 100 «106 ~—-:108 

1905..... 95 72 77 81 Oeecree 79 65 98 81 
62: 115 107 100 107 7 Rae 117 120 #8149 129 
Fae 203) 475 134. 171 lacie Oe LOL 33 LO 
Qi AIO. 193 148. 184 Booons es Oy TS 98 
OMe: 166 161 120 149 

1940..... 6391) VOLS e win ge 

1910..... 154 146 115 138 Veer 161 146 155 154 
Pea.) 2 SZ. 4S 158 Zia 110 97 98 102 
Zee HES 1st | al9). |) $22 Bian TOMES: Sie 
ee FO 62. 68, +67 Alesse 127) tld P08) e16 


Or eee LOD) a3 109) 108 Woes 91 83 87 87 


332 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145 


TABLE 62-9.—Growth-layer thicknesses, in hundredths of a millimeter, along designated radii of 
the ponderosa pine, OL-S-62, trunk section 9, 37.7 feet above ground 


Year N. ENE. SE. SW. WNW. Av. Year N. ENE. SE. SW. WNW. Ay, 
1814 aol) LOZ 7h IGS e195. SZ 1850.... 131 179 138 153 0970 


1815.... 176 176 150 204 175 176 Pees 87 13h 10)! ae 
2,...131 178 154 142 105 1B 

6.) i233 172) se) 202) zoe ai 
cage ae es 3.... 129 155 135 141 100mm 
v1. 202 142 126 109 185 1 4,... 130 150 154. 107 “Sgn 


ee Nid 03) 76 | oe losmentol 
9.... 70 76 6 23 59 58 1855,... 116 112 107 117 Sse 


1820) RIGA AA a7 AT OSE. LN GG 6.... 68 68 100 95 Se 
1166) 225° 235° 20) 1st 7s 7.... 15 17 40 15) 0G 
DOO AA 14s ate GS) O2 8.... 73 71 85 101 700 
Bi MESO) 42 SSM tO Olu 7, 9.... 50 350 85 62) ) 40 
4 104 155 195 144 109 141 He 86 90 (103 

1825 0 140 154 120 97 120 1 77 «#91 114 «101 75 
6 127 178 | 208) 170) 142" 167 2 108 117 151 121 109 gm 
7 87 156 204 122 132 140 3 40 40 -63 42 36." 
8 6l) 425) 140) 86" 87, 102 4 61 ‘70 95 74 5SSaamm 


1830 1-4 ee CV ys 7: ee ee 6.... 145 175 170 161 420 uee 
Wooeo Wey TB SIL IS ML alls 7.<.. 152 150 164 158 139. 
2 Ch i AW Ee ee 8.... 165 174 182 177 17am 
3 88 153 147 91 108 117 9... 125 139 149 158 i1Onumm 


1 GR les We GY FB. AS 6 68 92 92 67 Soue 

2 N22) A863 Gd Wali neo ie, 1.39 46 45 23 28 330g 

3 73) VOOM MANS) ese meerS2 ESO 8 59/77 68 53 GOR 

4 86 125 151 94 75 106 9 42 58 39 53 4c 
1845 2025) AZIZ atSa) 25 1880 18 ° (629.435 ues 

6 25 839" 660 426s (258011. 36 1 56 6k), 456 saNeG 

7 O77 P18) zone wala 0 maenG By. BAvd49) dean 

8 80) 102,251 108) 70) 17 3 (105) uul'S3 il S7 ates 

9 OD TA sie eR FR 4..., 106, 138 165 174 
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TABLE 62-9.—Continued 


SW. WNW. Av. 


143 
120 
115 
144 
174 


172 


100 


122 
128 


Year 
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SW. WNW. Av. 


124 102 161 
(Brain oil ee tk 
150) 132) 187 
120 86 126 
137, (96 ‘137 
131 90) 142 
113. 104 129 
1067-94 116 
GN 4133 
135 108 147 
60 7760 Se 
LZR 05 eet 50 
133) PAC4 ~156 
88 84 118 
Wa es) 1 
119 116 148 
ee) ee Ute) Tet 
SOW 164 87, 
Be ds) 8 
58 oom were 
Oo LOZ ena 
Soa ok 06 
Oot 74 Od 
Ss Se 7S 
124 122 148 
92> 80) 103 
102. 98 126 
LOST SS bt 
Oe eatstoy | 28) 
110) 131) 139 
70 e010 a OS 
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TaBiE 62-10.—Growth-layer thicknesses, in hundredths of a millimeter, along 


designated radii of the ponderosa pine, OL-S-62, trunk section 10, 
42.9 feet above ground 


Year N. SE. SW. Av. Year N. SE. SW. 
TESBe oi 152 162 138 151 NIST BR. 85.0) 74) ives 
ORs! 7A) tse) 6s We huz5 Grin, 88, N67 aeas 
Tei. 50), gee.) wI27 
1840..... 150) 63 6127.) 9147 Bie. TA 62 07 
Lage: 120) 321,06)" Ville aay ss 53. 40) 14933 
Pa 20 2S a Os ny oe 1880.:... 23) ONS can mat, 
Bien. 86 92 158 | 79 ; Ee ie. is 
Aga, 100), (go N84) 108 Bh: ey HG as 
See 180) ut28 pile 
1S45Ra4 10) RU2S. (aeTd kon ate 
Cn ee May era Or Hog «tad 120) yee 
Zo... 19) (a2) dah ls 1SSS89./ 123° 00, We2 
8..... 73 USE NS Ning oat. 143. 110 106 
One 101 140 65 102 Pas 147 90~—«92 
asa 1630.) Viz 93 
SEY Opa ta 135 166 58 120 Gry 160 118 135 
ae 09119 68.) 195 
CANNY 153 9152), W021) -136 1890..... 160 120 140 
Bey. 128). 43 KO4. 422 1..... 140 10499 
Aes 121) | 134) Gdess hia til 2.0... EI SY 
Bont 90 64 55 
1855..... 155 WS4 497. 135 Ae... 147, 105 93 
O29: Zo LOT ai Sates 1895¢5..2 410, (ue aes 
Cha Sa 10 13 10 ll Gua 60 36 24 
yeaa 85 70 66 74 rhe 06 70 79 
ORE ae 71 51 54 59 ely 123 77 81 
OM 16/48: 4 B82 
1860..... 78} (Wia6,, a79) jaae 
ieee 5S \/gK69 G7), KOS 1900..... 103: wae" me 25 
ee 122) a cS | 92 eG Nee 61 go ast 
Set) BA 3304 20) eed Date AS NAA NSIS 
Bees: 68.) 6450 “76, 168 cee 00 S75 ghz6 
Aa 18° le ARO. 
1865..... ZV G3. N73) viehO9 tops l lig. hog has 
6 ecoee 151 158 133 147 6 ay 147 123 103 
7 escee 132 151 122 135 7 : 211 192 172 
Sie 178. 2173) AGO e170 Bo. gs Laer Mies 
OU) Oy 122. 91033. OO. Neth cine 151 127. 117 
TESTOR 115 F108 ie 94) 106 SMO A 143 103 118 
1s ue) 50. 37, W42 Nh 48 Te 151) yed13 WaelIG 
2h tee 147) esl sOMen ta dae aa Oe 143. 102 99 
BAe 108) W701. e520 aay, eM 72) 50) nas 


240 


192 
178 
132 


121 
127 
115 

56 
109 
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Year N. 
1905 21.0 113 
Oreck. 109 
Titian s 153 
Sess 86 
OMe. 206 
1920; 05: 139 
ee. 140 
Dcetits 159 
Sia so 130 
Ca 132 
TOZ5 MRE 148 
(Set 172 
Cisteeee 78 
Ske. 145 
Dias 168 
1930..... 142 
Ds ctets 167 


TABLE 62-10.—Continued 


SW. 


Av. 


102 
99 


Year N. 
Desietete 157 
SO ieeetete 161 
Ce 8&8 
1935 sae 90 
Givers 78 
7 freee 166 
Sees 141 
Qi a etere 115 
19405 70 
ee 158 
(AbeeeC 130 
Seinas 114 
4 saves 124 
OAS etre. 105 
Give: 153 
Tieton 98 


TasLE 62-11—Growth-layer thicknesses, in hundredths of a millimeter, 
designated radii of the ponderosa pine, OL-S-62, trunk section 11, 
477 feet above ground 


Year N SE. SW. Av. Year N. SE. SW. 
1805s: 1.0: 140 142 150 144 1885..... 100 80 61 
Oueiee) 143 154 = «164 154 Gees 93 77 87 
Upsets Zi te 156 162 Lvs Wak 96 91 80 
Suan: 135°. 122) “106 121 CIA de 22a LOZ ZO 
Ohare 110 72 80 87 Oe aes 169 - 133 130 
1870..... 115 103 98 105 1890..... 129 114 96 
1 As., 50 36 32 39 Liaise 128. =103 74 
ARNG 149 112 + 116 129 Diivatces 123 99 ~=«s«116 
Bul 670) 49), Sal) 57 Sie aun 464 40 
Ae ie oom 6510 77... N80 Bolen 133) 148" 130 
1875528. 62 38 44 48 Uh cosa 80 74 81 
Oo ee. 45 19 34 33 (Apc 40 26 27 
Fae 31 17 21 23 Tonia us) 64 56 
Saaiciae 54 44 49 49 Severe 100 64 82 
ee 32 30 35 33 eae 40 29 21 
1880..... 20 14 19 18 1900..... 34 31 23 
Deh oe 24 20 38 27 leans 41 32 27 
ZRLS. 79 79 99 86 PARMA 16 14 13 
See's 131 #101 111 114 SIH etal 78 66 57 
(aa 112 96 93 100 Gay eet 14 16 15 
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TABLE 62-11.—Continued 


Year N. SE. SW. Av. Year N. SE. SW. 

1905s 92 78 83 84 7 85 81 55 

Ge shee WU AY ON 129 Shey 130 ©6104 96 

Tie 171 168 149 163 Oe aey, 114 =103 96 
IRAE Os 170 183 8138 164 

io Ee 146 144 = 114 135 1930.05: 98 100 86 

a Geiss 4 113. ~=s:110 98 

1910..... 115 118 104 112 CEN 124 100 125 

Ee Pevens 119 = «111 87 106 Roe 1320. 1S eo 

Dia 106 96 71 91 Aves 45 63 47 
‘Sire 60 41 60 54 

ree 109 111 69 96 185... 71 87 60 


Bisbee OP Gy iGO, BB 
ree 140) 14 o7 20 8..... 117 117114 
Cas 63) 570. 44 ss Faso 0 SU 72 ae? 
oe ial Hele TE) Tes ea ee Sere ieee 
1920.2) ZT BARN OS MESS 1..... 163 140 146 
ae 87 92 92 90 PAU 113 «©120~—s-118 
DAM 126))) 110) 124-120 Set: wy ia ee 
Beare 10S) MON 72 Bi an 100 90 94 
A D2 eon mO4 mos 
1945... 103” "S60 073 
1255 12 07 03 a Gree 137. 130 106 
Guin 159 129 129 139 Taw 18. Se 


TABLE 62-12.—Growth-layer thicknesses, in hundredths of a millimeter, 
designated radi of the ponderosa pine, OL-S-62, trunk section 12, 
50.8 feet above ground 


Year N. SE. SW. Av. Year N. SE. SW. 
Wo aooc 175 198 208 194 Rinen 65 8654 46 
Sis eats 247 244 273 255 Ay aes 166 140 #106 
Ae 139 ZOO 108 1805..... 95 68 a 
Eas OS Fe Shots: SAIN oS 
Lice 47 37 40 
Gx 121 &4 73 93 
Sie 64 68 73 
Foe 131 105 86 107 9 41 28 30 
Ova: 122 128 82 DD Ve ue eater 
Oe eee SZ el Ses 147 1900..... 31 28 25 
Prcaee 35 35 43 
1890..... 69 67 61 66 Zee 11 08 09 
1 UA 113 85 77 92 Shane. 65 54 61 


CPOE 101 88 75 88 A ciate 17 06 15 


113 


150 
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TABLE 62-12.—Continued 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
1905p 81 59 77 72 FNS 64 66 56 62 
(Been 129 82 129 113 Sane 96 126 95 106 
Fe Hise 137 97 110 115 Oran 91 103 90 95 
Bien. 130 113 119 121 
Qe ays 140 120 = 112 124 1930..... 74 89 79 81 
1 beets 88 96 108 97 
1OTOR = er. 110 Teh 92 93 Dra 101 106 130 112 
1..... 7aQn-67))) 56 | 65 Sa aay 10S 76) 12102 
Dae 73 56 52 60 Ache 40 36 34 37 
Sn See 26 26 30 27 
4.0... GOij 82), 60. 69 WEB oases 53 Sse onus! 
LOWS 62 74 60 65 Dooers ay AMV a Ge 
psig 118 139 95 117 
(ON EHICES 68 54 58 60 
Skee 102 106 108 105 
Th arsite 90 74 73 79 9 74 64 77 72 
Seis 41 65 44 SOw ik: ul Sees 
eto 110, 1/86 | 102 iene te chibi ties Whauiee 
162000. 86 70 80 79 a Laren 143 151 127 140 
mae, Regge Aa tes Aseoes We. Wile GE 0% 
Deh TAA 8360) 104 118 See 111 113 Ss «105 110 
Share 102 103 90 98 4... Py OSs 0 ne dG 
Ayes 93 88 96 92 
1945..... 89 52 65 69 
19252 111 91 98 100 (oer 94 90 80 88 
(yee 143 110 # 112 122 Ave tee 73 62 52 62 


Taste 62-13.—Growth-layer thicknesses, in hundredths of a millimeter,. along 
designated radi of the ponderosa pine, OL-S-62, trunk section 13, 
54.0 feet above ground 


Year N. SE. SW. Av. Year N. SE. SW. Av. 
1898..... 109 §=112 88 103 QIZs nl ZO LS 140 
LS anaes 71 70 88 76 
TOIOR SY/ 90 54 67 
1900..... 21 30 35 29 | ais aren 0 48 22 23 
es 55 53 46 51 Dh NG, 46 49 49 48 
PAaites ie 23 40 23 29 SE See 26 30 19 25 
ieee 68 102 57 76 Ce icles 47 26 32 35 
Acs 22 23 21 
1915 eee 36 13 30 26 
ISOS. 63 100 59 74 Oran: 45 32 39 39 
Gun: 91 130 90 8§©6104 Tein 50 53 34 46 
(hae een 73 ~=—«:100 60 78 Sree. 32 41 30 34 


Sooong 949 19E) 121), 4135 Woestd 60 89 56 68 
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Year N. SE 
19205. ee 56 93 
daar 59. 93 
2 59 110 
F era 62 95 
Cee 56 65 
1925% sss 63 88 
(ae 62 120 
Veen 31 59 
Sasa 41 56 
Qe 38 38 
1930. 43 66 
Deserve 66 105 
Pa 60 89 
Dior siecle 66 89 


TABLE 62-13.—Continued 


SW. 


50 
51 


Av. 


66 
68 
76 
69 
56 


68 
87 
41 
46 
39 


49 
76 
74 
79 


. Year N. 
Le 27 
T1935 cs. see 39 
ON ees 42 
Ticks 80 
Seats 74 

LD Be 45 
1940..... 30 
Br 119 
Qin 88 

i eo 53 

2 A 39 
1945); «die 40 
Ones 61 
ips it 33 


VOL. 145 
SW. Av. 
25 27 
48 42 
58 53 
66 90 
78 87 
«84 51 
31 33 
134 =: 153 
95 115 
93 68 
34 63 
57 57 
68 76 
29 37 


Tas_e 62-14—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated. radu of the ponderosa pine, OL-S-62, trunk section 14, 
56.3 feet above ground 


Year N. SE. 
1923): 5 os. 240 250 
Bocas 49 75 
LOZ See 51 68 
Geen 73 74 
Tpcenatine 11 50 
Sarees 16 21 
Oars 23 13 
1930 Ay ne 
cae ee G7) 3A 
Disa ees 50 47 
Siccee 56 63 
Cea A 26 20 


SW. 


241 
58 


59 
100 
61 
0 

0 


10 
23 
39 
47 
20 


Year N. 
1935). 5 os 34 
Gadcioe 56 
Tsay 106 
Seas 94 
RES 2 67 
1940..... 20 
Lee 116 
Dewees 81 
Sian ive 40 
ANN es 35 
1945..... 49 
6...2. 47 
Toes 33 


SW. Av 
46 38 
48 51 
97 91 

130 97 
73 63 
38 28 

120 3=.109 
73 71 
30 31 
14 27 
20 42 
34 38 
10 22 


TABLE 62-15.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, trunk section 15, 
57.8 feet above ground 


Year N. SE. 
1939..... 91 85 
1940..... 96 94 
We 154 §=143 
Bi eerine 98 113 


Year N. 
Kee 21 
Anus 51 

1945..... 75 
(Si ALS 38 
Tian 22 


SW. Av. 
47 36 
60 62 
96 96 
35 24 


22 19 
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TABLE 62-1-A.—Growth layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, branch section 1-A, 0.6 foot 


out from the trunk. 0 degrees is vertically up; 120-240 degrees taken 


Year 0° 
UASOs ele 100 
servers 79 
Beer 79 
ae 54 
A rai cvoks 87 
VASE 24 
(Stare 57 
Testers 64 
San alae 21 
CS pains 36 
1790..... 53 
1 ae 78 
De Rieay. 80 
Ss bet 89 
(aa 26 
WS Sadan 54 
(Ree 52 
There 33 
Saee 39 
On aee 49 
1800S ea: 22 
ans 36 
Za elis ate 36 
Shana 23 
AY os 46 
T8052... 3 47 
Giese. 36 
TE, 64 | 
Seeeir 68 
Sana 39 
SIO S35 34 
Se Sa 42 
PAS RS 40 | 
So 0 
CN ite 37 
HSS ess. 31 
(Shader 44 
Theiciee 23 
Seon 12 
Orne. 30 


120° 


91 
70 


240° 
99 
65 
65 
45 
77 


16 
66 
64 
37 
42 


72 
92 
85 
75 
20 


80 
58 
50 
47 
56 


31 
44 
57 
43 
74 


Av. 
97 
71 
66 
46 
79 


19 
57 
61 


Year 0° 
1820.2... 12 
i ccctovaye 28 
PAS AD 0 
ae ees 30 
eae 25 
1825 23 
Odakrere 23 
Tienes 27 
Soares 30 
LS eS ae 07 
1930s 23 
1 ee 41 
PAG er 16 
Saiets 28 
rs et 12 
1835508 27 
Oorsrsye 09 
Fel eal 19 
Shanon 23 
Qi ators 21 
1840..... 10 
D Csctanes 20 
Disernssve 0 
Aiseeeane 28 
7 ee 33 
18455554 0 
Brose We 
hee 0 
Sasi 20 
LS ee 18 
TSSOn era 18 
Pesos 13 
PA 25 
Saar 16 
Ce 18 
18555525. 19 
Gass: 17 
Teo toons 0 
Sas 15 
Lo ante 0 


120° 


240° 
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Taste 62-1-A.—Continued 


Year 0° 120° 240° Av. Year 0° 120° = 240° Av. 
1S60Se hee 16 26 20 21 1895..... 08 16 21 15 
ets ily 16 19 17 Oe aieae 0 0 0 0 
Be un ete Sam 330 henge Pana 20) 200) 2a aaees 
Baa O10 0 0 Ns 1310 5202 
qe 16.0 00 7 Ostet at Oye (ana Ones (0) 0 
TSOSseRe 21 29 22 24 MOOD seee 05 10 13 09 
Oshees 45 53 43 47 erase 10 07 10 09 
Tiara 28 51 35 38 De vrae 0 0 0 0 
ae Boy en gg) ht Wao Bee 130 2 FaS ze 
Ca D0 Wale roan si Aine) O Oy oO 0 
1S70 Ree 13 41 32 29 ISOS Ameen 17 16 22 18 
Tha ae 0 06 11 06 Oars 12 08 16 12 
Dhaka 12 27 24 21 Tp tapas 20 13 33 22 
Oeeuee 13 34 31 26 Sais 18 10 29 19 
Aa Ae Op ai out 15-08 120) 7a 
GAS err 12 34 20 22 1910..... 18 12 24 18 
Guhrsee 06 22 19 16 1 eas 17 06 21 15 
TAR 0 0 0 0 Diseas tes 18 14 30 21 
Saieioe 07 12 12 10 Sieeune 0 0 0 0 
Oa. O71 12 ON TE 106 Ae 02 iB a 
1880..... 0 0 0 0 IOUS ene 22 18 18 19 
Leese 11 13 WZ, 12 Cigar 11 11 18 13 
Paine 22 21 17 20 hein 47 14 39 33 
SAU 19 39 33 30 fetta ae 15 0 0 05 
Bers 26 46 38 37 Qi ee 59 30 56 48 
1885.2... 18 32 22 24 1920 Re 52 45 67 55 
Oe ase 24 28 14 22 Leva 49 60 67 59 
Ta seae 17 12 21 17 ZAMS 78} 72 67 71 
Saar 36 38 29 34 nowt 65 57 62 61 
Dey 31 17 28 25 Ane 87 56 81 75 
1890..... 32 22 29 28 NOFA so ods 92 48 84 75 
Leis 20 17 21 19 iaiccuns 122 61 100 94 
Diieteue 22 22 23 22 bsionen 3 51 32 55 46 
Seis 10 09 15 11 Shee 93 54 92 76 
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Year 0° 
1930) 61 
eS ate 46 
Bhi thee: 47 
Sepeistses 60 
Cr 28 
HOS Sn «20s 43 
Ohi «ch 20 
Tisai Re 47 
Shen 30 


120° 
31 
30 
38 
67 
14 


26 
13 
48 
32 


TABLE 62-1-A.—Continued 


240° Av, Year 0° 120° 240° Av. 
74 55 Or telare 35 28 46 36 
ss S 1940..... 23 15 24 21 
79 69 Neooio 78 91 86 85 
42 28 Zhetsietats 50 57 52 53 
Siento 32 24 43 33 

61 43 ee 35 42 39 39 
31 21 104 Sea 12 23 26 20 
82 59 Oak 23 34 52 36 
44 35 TS A 17 21 30 23 


TABLE 62-1-B.—Growth-layer thicknesses, in hundredths of a mullimeter, along 
designated radii of the ponderosa pine, OL-S-62, branch section 1-B, 2.0 feet 
out from the trunk. O degrees is vertically up; 120-240 degrecs taken 


Year o° 
AS70237 .e 82 
Shue 80 
Mesa 55 
AlZAS Usa 71 
i cees 68 
Dies auth 90 
Bivetewe 88 
Aas is Zi 
SE cine 58 
Guise. 39 
A es 30 
Sikes 24 
Ore ciate 30 
1800..... 27 
es Si 
Dake 30 
cones 25 
alae 40 
HSO56 635 36 
Gi 31 


120° 


clockwise 
240° AV. Year 0° 120° 240° Ay. 
7, 3182 ee AS E87 We an Zl 
63) 075 CN 46,917 '63%), (4910953 
5056 
1810. 20 Mens 40umere SA 35 
77 80 Ty eee 52 57 40 50 
66 70 Beye 58 50 69 59 
95 91 Se 10 08 04 07 
92 81 A halts 48 49 27 41 
sa ace 1815. 5 ec 462 790 @35.°  Wi53 
Gis BPs BSN 63) Lee OF 
D a nes. 37 49 45) 
ay Nhe See) Tove 20 NN 6: cua 
oa BA On iy 35.0) 28h 27, 30 
SS) 192000. Torn leg eas ya20 
Thee 660) 47.) 43.) 40 
ee Zea 20 Mb 30)py 19 unk23 
1) Sil cies Ae Wy sien Alina 
ee 4a he 36 0) (SI) 60 49 
26), 28 
49) 547, 1825: 3 30) aeS4 by SOU, 5 48 
6a 2B WS SG Ve58 
38 «44 nes 2066 37 ual 
AD 39 ae: 4064 72) In 5o 
60 66 Sag C413 ids tO 


342 


Year 0° 
1830) iar 26 
Liar 58 | 
Bare 32 
Se ceee 33 
Ae ae ie 23 
18352). 28 
Giiutesere 11 
Usacwe 22 
Se cite 27 
Lo ae 31 
1840... 16 
Diceig ces 10 
Paseo 0 
Sees 22 
Boer 28 
1845..... 0 
Gin. 14 
Pio 0 
Suen 39 
LS eae 29 
1850 5-6 4" 20 
Dass 19 
Disrscve 39 
Sills 40 
Aiea 28 
T8559: cee 30 
Geis: 12 
Te Sacre 0 
Sane 12 
Ne 0 
1860..... 14 
Ls 20 
Deitel 29 
eee 0 
Ae wisues 05 
1865). 25 25 
Orta 42 
Tins siteae 42 
Sse 43 
Oe ie. 25 


120° 
43 
77 
45 


TABLE 62-1-B.—Continued 


240° 
40 
64 
39 


Av. 
36 
66 
39 
41 
30 


53 
20 
28 
40 
44 


27 
31 
06 
26 
31 


05 
13 

0 
36 
33 


51 
28 
51 
43 
35 


36 
22 

0 
25 
01 


21 
23 
46 
03 
02 


29 
48 
45 
44 
28 


Year 0° 
137055) 36 
Dees 0 
PIO A 31 
Deter sie 30 
PAN oh 25 
TS 75ers 18 
One 11 
Teachs 0 
Sr anae 18 
Deck te 05 
1880..... 0 
ee 17 
Discus 21 
Seiya 17 
Zaina 26 
1885.0 ae 17 
(oe a 23 
Tics 15 
Suse 33 
Quen 23 
1890..... 35 
1 eaten 22 
Pa ae 22 
Sioa 05 
ai 05 
1895..... 09 
Oise 0 
Tice 16 
Siveiie 10 
Ohlaaes 0 
1900..... 07 
De he 09 
ZAR i 0 
322.0 24 
diy 0 
19055)... 15 
Oven an 14 
Tcuay 23 
Seiad 23 
Desai 18 


SMITHSONIAN MISCELLANEOUS COLLECTIONS 


120° 


VOL. 145 
240° Av. 
41 36 
06 03 
29 30 
40 32 
35 31 
38 28 
30 21 

0 0 
17 18 
15 12 

0 02 
18 16 
34 27 
63 35 
60 42 
45 30 
36 27 
27 18 
42 37 
26 23 
40 38 
29 24 
43 30 
19 10 
19 11 
25 15 

0 0 
31 23 
34 21 
06 02 
09 08 
04 07 

0 0 
23 (He 

0 0 
22 21 
19 15 
49 32 
30 23 
23 17 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 


Year 0° 
1910..... 19 
Meee ae 
Qinaidins 20 
Sia oars 0 
eee 03 
LOTS ess. 28 
OMe see 15 
Priseies 19 
Seca. 0 
ON Se 35 
192000505) 45 
Lee 46 
Bir one 55 
Se iistcs 41 
7 Ee 51 
1925 y ois.5 47 
(eit 65 
Bisa 25 
ieee: 53 


TABLE 62-1-B.—Continued 


240° 
30 
13 
24 


Av. 


Year 0° 
Oi ales 50 
19302) cee 23 
Wests 19 
Bie sisieve 35 
Site sie 51 
Beale 16 
1935..... Sil 
ON RS 15 
7st 45 
Sie, 27 
Qe Ns 29 
1940..... 10 
eee 65 
2a as 37 
Seiad 20 
7 ae 32 
10452255. 09 
Oe ae: 28 
pares 23 


120° 
71 


240° 


343 


TasBLe 62-1-C.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, branch section 1-C, 3.1 feet 


out from the trunk. O degrees is vertically up; 120-240 degrees taken 


Year 0° 
1793 25 soe 78 
cee 67 
1795 5.5..,8: 75 
Oeeine 61 
Daisies 49 
Sarerie 32 
Ds) 28 
1300... 3%. 25 
eee 25 
Bid cies 25 
Sess 23 
Cen 32 
TSO5 5... 38 
Gio. sie 33 
Dtac. se 61 


240° 


Av. 


86 
69 


Year 0° 
Oy sve 50 
1810... 30 
Tis ee 44 
Dean 66 
Senroats 0 
Anes 35 
LSUS ee 38 
6.5.88 42 
y Meee 29 
Sinvewe 17 
Oi ai 20 
1820500 16 
Bee 37 
Dicciaiees 12 
Sites eve 30 
Sta 32 


120° 


52 


34 
51 
60 


240° 


62 


45 
76 
105 
05 
7 


96 
81 
60 
29 
35 


31 
70 
39 
87 
81 


344 


Year o° 
GAS RRINBIE 33 
Gosske 31 
Peo ge 19 
She 45 
Oe am 07 
1830..... 41 
ee 59 
VA LOOUL 30 
ean) 45 
Ak 25 
TSSSi ee. 29 
(Oy rice 0 
TREN 28 
Site 24 
SRO 38 
1840..... 25 
Lae 27 
Dis erens 0 
Taree 20 
Ne 41 
DQ4AS ME 24h 05 
Ghe. ce 15 
Tice 0 
Saatee 40 
Oat 30 
TESOR ee 25 
1 ae 14 
ASAIN 33 
Sir 31 
a! 16 
LSSS sae 30 
6 20 
2 eere 0 
S2ceee 27 
sD raiarate 0 
LSGO Pere 17 
Lae 20 
Bins 56 
See 0 
Bical 07 


TABLE 62-1-C.—Continued 


240° 


Av. 


Year 0° 
TB65 2% cess 37 
Oe 39 
Tests 39 
Sai 34 
ORE ae 25 
11370) 15 
1 Wate? 0 
Drover: 28 
Ss We 23 
eet 29 
S75 ae 21 
On ne 15 
hee 0 
Se ae 12 
Qa 06 
1880..... 0 
see S 17 
CARES 21 
Samos 29 
Ayana 37 
T8855. ee 31 
(Netanie 27 
Zane 17 
Sie 24 
Oi aes 15 
1890..... 24 
Wa 23 
Desa 28 
Sisal ae 09 
A cis 13 
19S eee 15 
Gee 0 
TED 24 
Bes cee 11 
Orean 0 
1900... 2. 04 
Laas 12 
Dine ate 0 
Sie, das 10 
AS vases 0 


SMITHSONIAN MISCELLANEOUS COLLECTIONS 


VOL. 145 
240° Av. 
33 35 
61 50 
47 44 
51 44 
36 31 
38 28 
0 06 
38 37 
32 33 
36s «4 
33 30 
26 24 
0 03 
17 19 
07 11 
0 03 
7. 17 
29 25 
38 35 
50 41 
35 33 
30 31 
21 20 
43 37 
23 23 
37 34 
28 28 
29 31 
07 10 
08 12 
12 16 
0 0 
16 26 
17 18 
0 0 
12 09 
0 08 
0 0 
20 18 
0 0 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 


Year 0° 
19057). .):). 17 
Gases 15 
Thokorente 16 
Shes 10 
OR Las 11 
IS108. 3: 18 
Wala ie 11 
De 29 
Suehenye 0 
As Ua 15 
UGONS 25 ot 19 
Ossie 34 
Thies erate 0 
Shear: 39 
ORS sf 41 
1920..... 40 
Lees 38 
Diener 54 
Sete 51 
a 53 
T9252. 8 43 
Gas 74 


120° 
33 
22 
28 
26 
19 


24 
14 
38 

0 
20 


12 
18 

0 
34 
47 


54 
40 
64 
41 
52 


57 
54 


TABLE 62-1-C.—Continued 


240° 
23 
14 
25 


Av. 


Year 0° 
7 cteiavae 23 
Sis arate 47 
Dist 60 

SSO ra 25 
aye 35 
DP e ar 58 
Dati 66 
A anton 0 

193 ose 32 
Oey te ).60 14 
To Nae 46 
Sia 29 
Oras 33 

1940 26 
ESTA 86 
VAR 79 
See 29 
Le 32 

194522038 26 
Ok 35 
Tee Bans 27 


345 


TaBLe 62-1-D.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radit of the ponderosa pine, OL-S-62, branch section 1-D, 5.1 feet 


out from the trunk. 0 degrees is vertically up; 120-240 degrees taken 


Year 0° 
HSOS).).5..0% 107 
Qe rlts 85 
HSTO LS os) 54 
ih ial 64 
ON aeve 51 
Se neo 09 
A 46 
HBTS 5 cc 48 
aie 66 
71 deer 56 
Sebi ae 36 
OR ick 30 


120° 


110 
77 


46 
53 
40 

0 
38 


37 
52 
44 
42 
20 


21 


Year 0° 
Resa 51 
Zoeae 53 
ey ea 57 
Ad Ne 47 

S25 ene 26 
Ox ase 38 
ENE 42 
Seaside 46 
Dee 11 

P8302 co 57 
Tings eer 92 
TA Ss 36 
Sumac 51 
Anes 25 


240° 


52 
29 


346 


Year 0° 
SSS eee 30 
(CAL 07 
Tis oiare 22 
Se cise 28 
Deca 36 
1840..... 27 
Dicer eye 34 
Driers 04 
SB eats 26 
4 aia 28 
1845..... 05 
Ouoes 19 
Teak 0 
Sree 30 
Ne 30 
1850..... 29 
eer 23 
ARN 41 
Sich 34 
A ciate 17 
185522 26 
652.28 24 
AG See 0 
Sees 21 
Qi ats 11 
L860: 18 
Li spas 22, 
Diotae 24 
Se 0 
Be sraiee 11 
1865..... 21 
(Sa A 26 
Teese 25 
Stee 18 


120° 
29 
18 
30 
48 
68 


40 
42 

0 
31 
42 


08 
32 

0 
50 
46 


54 
26 
57 
58 
32 


43 
34 
0 
32 
15 


31 
31 
48 


TABLE 62-1-D.—Continued 


240° 


48 
14 
31 
54 
87 


30 
48 
26 
37 
40 


07 
15 
08 
34 
36 


62 
28 
63 
55 
59 


66 
48 
14 

31 
24 


56 
43 
64 
11 
20 


33 
57 
47 
70 
48 


Av. 


Year 0° 
1870..... 20 
Vise 12 
Dis we's 20 
Sisieisiete 19 
4 ie 19 
S75 epee 28 
Gaver 25 
Tica 0 
Seon 19 
Ours 14 
1880.2... 0 
Dette 17 
2 stalenice 27 
Sila ath 21 
ae 38 
T8855 ci 25 
Goce 28 
Tiree 20 
Secuets 30 
Doses 20 
1890..... 28 
Dis ierstavs 19 
Qiare 17 
Siajatate-s! 11 
Ae scale 14 
1805: 2018 
Owes 0 
Fiateioe 25 
ee 22 
Occ 0 
1900..... 07 
Leen 09 
Batiste 0 
Sele 18 
Be, cles 0 


SMITHSONIAN MISCELLANEOUS COLLECTIONS 


VOL. 145 
240° Av. 
60 41 
30 «16 
68 44 
44-36 
69 47 
40. | 38 
35. n27 
09 07 
20 423 
15) alo 
09 08 
16. ay 
20 (26 
39° 33 
61 49 
30 31 
2g) || 3 
34 27 
52-30 
39 28 
33° SL 
52) 4 28 
301,114 28 
20 i uite 
21 20 
22.) tat 

0: «aig 
24-26 
20 26 
06 02 
10 1 
13) 6 

0:0 
A 2 

0 oO 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 


Year 0° 
1905)... 22 
NA Ge 19 
Fisso sins 30 
Sucke. 21 
Dae 22 
1910..... 22 
Wee 12 
Bislathsss 22 
Sic 0 
Bete 10 
19S cee 22 
Gea 15 
Tisierhas 32 
Sees 16 
Dees: 53 
19205003. 76 
Nea 96 
Deer 89 
Sitccers 62 
(a ee 75 
1925 cies 62 
OLE. 62 


120° 
32 


TABLE 62-1-D.—Continued 


240° 


24 
13 


Av. 


26 
18 


Year 0° 
dscleeis 39 
ee 44 
Quah. 48 

1930.06.) 25 
Liderciere 41 
Bicwts 68 
Siceks 59 
We els 12 

1935. coe 43 
Oscinn 14 
TNE 53 
8. oni 38 
eae 43 

1940..... 27 
De satec 80 
7S AM 45 
Seiseies 20 
ON ems 31 

1945 .5..38:. 0 
Olea. 33 
Tees 11 


120° 
39 
53 
67 


26 
45 
56 
53 


240° 


26 


347 


TABLE 62-1-E.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, branch section 1-E, 7.1 feet 


out from the trunk. O degrees is vertically up; 120-240 degrees taken 
clockwise 


Year 0° 
NSS) eee. 104 
Deretns 68 
Miicevs 67 
ee 15 
1835: A). 18 
Gityeree 23 
Rees 08 
Snes 11 
Dre. 14 
1840..... 17 
Lees 15 
7A 0 


120° 
96 


240° 


06 


Year o° 
Sess 15 
es 11 

1845.04. 14 
Gals. 18 
feo 8 12 
Sue 17 
Peers cis 23 

1850; 2. 40 
Desks: 23 
PANN oe 51 
SROSAS 28 
A ctats 19 


120° 


240° 


54 
09 


10 
17 
23 
21 
35 


56 
21 
59 
41 
24 


Av. 
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TABLE 62-1-E.—Continued 


Year 0° 120° 3=240° Av. Year 0° 120° 240° Av. 
HBSS) ete 31 39 40 37 Wee BIg acc 6 20 21 30 24 
Goede 30 40 36 35 Gb, tie 0 0 07 02 
Bee 0 0 0 0 7 sathaps 36 29 27 31 
Besa 28 41 41 37 Seea an 31 34 40 35 
A 26 26 45 32 Deets 0 17 16 11 
Sig V Be 6 ae 40 40 45 42 LOO eer 18 18 13 16 
De iteeye 31 47 39 39 Lee: 17 15 13 15 
Bis) «a tks 38 71 59 56 Dirac 0 05 0 02 
Sarienk 12 21 1] 15 Sines: 29 32 42 34 
A eta 21 25 24 23 Ae as 0 08 0 03 
ISOS sere 57 32 42 44 19055 —- 27 46 29 34 
Ou) 5 vols 45 60 68 58 ayeeelal 20 35 22 26 
Tepiners 37 81 he 63 Ds roreys 31 66 56 51 
Sata 45 91 61 66 Sistas 28 51 45 41 
Oats 53 77 42 RY | Dirck ise 21 42 32 32 
S70; vert: 38 71 61 57 LTO 26 48 29 34 
a aie 14 34 24 24 ee 11 39 23 24 
Bais sais 34 91 42 56 2s lgihe 26 37 32 32 
Siaataicke 22 63 35 40 Sirctehar 0 0 0 0 
A esereye 37 72 58 56 Aira 05 15 09 10 
1575. 0s. 35 46 48 43 LOUD ae 25 32 34 30 
Grants 25 38 36 33 Giese 21 25 35 27 
Tovide tes 10 16 20 12 Dis Win 41 38 88 56 
Sets 24 23 32 26 Siler 24 24 31 26 
Rte a 14 20 20 18 Ole sees 44 49 88 60 
ISSO: 04 12 08 08 1920 esele 43 57 82 61 
eae 26 12 16 18 Lis yera tee 24 74 83 60 
Zits 30 26 33 30 2 Mo 57 79 88 75 
See 35 56 70 54 Salter 41 50 66 2 
Ce Ane 37 59 89 62 Ay eae 50 52 93 65 
SS5ee eae 15 40 46 34 O25 rere 44 29 80 51 
OL wai 20 37 33 30 Oscislele 66 49 87 67 
7 sale 20 32 24 25 F aihBs 28 24 55 36 
Oils jouate 30 54 48 44 Saas 44 36 71 50 
Dots 17 32 31 27 Deas 38 40 lil 63 
NSSORn er 32 45 47 41 1930 Sey 23 32 49 35 
Laer 22 37 54 38 Teh 25 36 62 41 
Dig news 27 37 50 38 2 eee 40 97 63 
Saat 14 16 21 17 Sabin 36 49 107 64 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE——GLOCK ET AL, 


Year 0° 
MOS 5 ee oeek. 33 
Oliess 14 
Dae. 49 
Sanne 27 
Ores see 24 
1940..... 10 
hss 60 


TABLE 62-1-E.—Continued 


240° 


58 


Av. 


Year 0° 
Diavsisvers 30 
Dis eke 16 
Re 29 
1945..... 07 
One. 22 
Tia ee 20 


240° 


62 
34 
52 


24 
44 
36 


349 


TABLE 62-1-F.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, branch section 1-F, 8.6 feet 


out from the trunk. O degrees is vertically up; 120-240 degrees taken 


Year 0° 
1854.5 05%.. 88 
18550 5028. 89 
Gisele. 39 
Ths Bite 10 
Sees 31 
Lo Fe aaa 47 
1860..... 20 
a 20 
P28 ANG 46 
See cee 08 
Ciena 08 
8652-01-10 25 
Gules 51 
Wasser 66 
Sn: 63 
oe 35 
1870..... 31 
es, 16 
Dich ues 58 
Sects 41 
es ae 58 
1875.3).. 41 
Gees. 23 
7) ee 17 
Sees. 29 
Qua, 22 
1880..... 10 
1s 15 


240° 
94 


Year 0° 
Diss cies 24 
Snes 77 
ene 73 

Soe ae 41 
Owsgak 29 
Towers 20 
Sook 41 
LS Ina 38 

1890..... 41 
Men S. 42 
PARI AI 38 
Sere 16 
ee 18 

BOS ur: 45 
GAs 13 
Una ele 26 
Ses. 40 
een 08 

1900..... 17 
1 eared 15 
Zee: 06 
sy 21 
4 ee, 0 

190SHae 21 
em a 17 
Ts cttete 37 
Se yivers 29 
oe ie 29 


240° 
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Year 0° 
1910..... 28 
scene 32 
Bisse arere 34 
a 0 
A 14 
TODS see 37 
Oa 22 
Dees 40 
Scans 26 
Oi as: 46 
1920..... 51 
sivas 42 
PAN aM 46 
Siete 48 
qos 51 
19252... 5% 40 
Giess 69 
itera’ 33 
Sauce 51 


TABLE 62-1-F.—Continued 


240° 


Av. 


Year 0° 
Oi, Fe 51 
193035 42. 31 
Le. gas SV) 
Zesee, 45 
Sareea 38 
Lee 11 
1935 354.8 19 
Guise 17 
Diater cits 48 
Savane 36 
OF sisiere 28 
1940..... 15 
5 ee 50 
PAA es 23 
Seles 20 
Ca 21 
1945..... 18 
Oeeiass 22 
7 Lane 20 


SMITHSONIAN MISCELLANEOUS COLLECTIONS 


VOL. 145 
240° Av. 
65 66 
31 38 
45 44, 
52 52 
61 57 
15 15 
28 31 
27 Za 
50 56 
40 42 
37 37 
28 22 
53 60 
43 40 
36 28 
43 35 
28 27 
58 41 
32 27 


TABLE 62-1-G.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radu of the ponderosa pine, OL-S-62, branch section 1-G, 10.0 feet 


out from the trunk. O degrees is vertically up; 120-240 degrees taken 


Year o° 
1868..... 154 
Oe 108 
1870..... 44 
1 Bae 15 
2a 34 
Siyefets 10 
A ity, 22 
S752 Mi 28 
O2csee 21 
7 Aime 20 
Sane 26 
ae 08 
LS8O sae: 07 
Vash 09 
Dike aes 28 
Sc ee 44 


120° 
194 
69 


240° 


Av. 
178 


Year 0° 
A ae 35 
1885..... 05 
Galas 19 
heels 31 
S.208. 27 
LS Pe 32 
1890..... oe 
Le. aae 38 
Zein 34 
Deas 19 
4.5% 41 
1895... ste 35 
Gavia 14 
T BREN 43 
Ses ads 54 
LS 09 


120° 
43 


240° 


76 


16 
13 
12 
19 


Av. 
51 


16 
17 
21 
23 
26 


28 
33 
30 
18 
31 


30 
15 
33 
49 
11 


NO. 4 GROWTH LAYERS IN PONDEROSA PINE—GLOCK ET AL. 


Year 0° 
1900..... 11 
lea 21 
Cisentns 11 
Bi. Bh, 24 
4 0 
L905 sy. )5.5 28 
Gueee. 44 
Liber. 14 
Sens 15 
Bie 18 
TOTO Miers 12 
Nrshoves 10 
Denar 23 
Oistetelars 0 
(eae 06 
LOTS 20 
Gees 21 
7 eons c 29 
Sine. 25 
Dies 50 
1920..... 33 
Denes. 26 
Qiacelonie 51 
Sites 39 


TABLE 62-1-G.—Continued 


240° 
24 
20 
0 
20 


Av. 


Year 0° 
Fico 38 
19253. 28 
Gate. 48 
Tio 15) 
Siliimere 27 
Qi sseieys 30 
1930 53a: 19 
Lee, 23 
Diels 25 
Sieterels 25 
rt a 0 
1935.02. 16 
A i 12 
Fie. 34 
Bisse 23 
Oise 22 
1940..... 0 
1 32 
Disblevels 21 
Siveislare 0 
Coe 15 
1945..... 0 
Goes 19 
Tidungies 09 


240° 


48 


351 


TaBLe 62-1-H.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, branch section 1-H, 11.6 feet 


out from the trunk. O degrees is vertically up; 120-240 degrees taken 


Year 0° 
TSOS Hye ac 78 
AUS ii 75 
USSSA aed 30 
(<a es 24 
Of eisisis 23 
£35, orale 38 
Oye 20 
1900..... 16 


120° 
59 
67 


38 
27 
38 
62 
40 


21 


240° 


55 
42 


33 
31 
40 
45 
28 


20 


Av. 


Year 0° 
I eee 31 
Qe ses 06 
Sisto 18 
Wes. 03 
190S.....2 2 15 
Guin. 21 
Tr 23 
Sick. 15 
LS Ne 16 


120° 
40 
17 
25 


240° 


66 
05 
32 
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TABLE 62-1-H.—Continued 


Year 0° 120° 240° Av. Year 0° 120° 240° Av. 
1910..... BAM wating 1320) 028 Onare 47 452 GO as 
boa ey aio NR 1930..... Dai 162. TAQ ues 

2 hoe: BBN BAW G28 aay 
a 7. Sg ge) 

ee Oy, O70 107) 4) 05 
A ia Jan Many dy a 2.2... 40) AON AS ae Ree 
Sue! 30) 42) 48) aerao 
1915. 25) S51 ASS ideeoes QIZs 9230) Sete 
Dames (MO Ml aed ele 1938..24)' 255) 133 11033 genes 
7a. BW ABN I32') daly 6 ig 7 Wee ee 
Sree PAIN enc Sah Zio. 490 66D 8 amen 
Bs eeh GARE AS ABE aOO Bae 28.) 3516 x42 es 
19202. 4) 400) 456.) 551) | 450 9... 1S |) 20 mora emze 
1..... CA SO 6) SS 1940..... 10) 320; i oat 
Bosco 327405 |) kO7 ens dye: 09 8659 «666—Ss« 45 
3.0... SB BE) Sid) a) 2 ey AL 380.) Taser at 
4..... SS Ce Nosh) Sz Ser: 302) 32). MO) 7 
19255). D3) 039. Sh ABH cy BG eee 
6 B21 OSes eosin Mol 1945 uhh 17; :) AS 12a 
7 ae BRK t42Y )u30. 433 Babee 1) 913-6" e40 eee 
Sie. Zi) HAGHON AA 037, Ze He) 09") 30 17 


TABLE 62-2-A.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radu of the ponderosa pine, OL-S-62, branch section 2-A, 0.8 feet 
out from the trunk. O degrees is vertically up; 120-240 degrees taken 
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TABLE 62-2-B.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, branch section 2-B, 3.0 feet 


out from the trunk. O degrees is vertically up; 120-240 degrees taken 
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TABLE 62-2-B.—Continued 
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TABLE 62-2-C.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radii of the ponderosa pine, OL-S-62, branch section 2-C, 5.0 feet 
out from the trunk. O degrees is vertically up; 120-240 degrees taken 
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TaBLE 62-2-D.—Growth-layer thicknesses, in hundredths of a millimeter, along 
designated radu of the ponderosa pine, OL-S-62, branch section 2-D, 6.3 feet 
out from the trunk. O degrees is vertically up; 120-240 degrees taken 
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Fic. 94 A.—Circuit uniformity among partial growth layers, or lenses, in sections T-1 
T-3, tree OL-B-42. (See also text fig. 84.) 
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Fic. 94 B.—Circuit uniformity among partial growth layers, or lenses, in sections T-4, T-5, 
and T-7, tree OL-B-42. 
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Fic. 94 C.—Circuit uniformity among partial growth layers, 
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Fic. 95 A.—Circuit uniformity among partial growth layers, or lenses, in sections T-1, T-3), 
and T-4, tree OL-SO-57. (See also text fig. 85.) 
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Fic. 95 B.—Circuit uniformity among partial growth layers, or lenses, in sections T-6, T-7, 
T-9, and T-10, tree OL-SO-57. 
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Fic. 96 A—Circuit uniformity among partial growth layers, or lenses, in sections T-1, T-3,) 
and T-4, tree OL-S-62. (See also text fig. 86.) 
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Fic. 96 B.—Circuit uniformity among ons growth layers, or lenses, in sections T-5, T-7, 
T-8, T-10 to T-12, and T-14, tree OL-S-62. 
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Fic. 97.—Circuit uniformity among partial growth layers, or lenses, of tree OL-SO-S5/, in 
Branch 1, sections B and D, and in Branch 2, sections B and D. (See also text fig. 87.) 
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} Fic. 98 A.—Circuit uniformity among partial growth layers, or lenses, of tree OL-S-62, 
| Branch 1, sections B and D. (See also text fig. 88.) 
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Fic. 98 B.—Circuit uniformity among partial growth layers, or lenses, of tree OL-S-62, 
Branch 1, sections F, G, and H, and in Branch 2, sections B, C, and D. 
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Fic. 99 A.—Longitudinal uniformity among partial growth layers, or lenses, from 
designated trunk sections of tree OL-B-42. (See also text figs. 89 and 90.) 
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Fic. 99 B.—Longitudinal uniformity among partial growth layers, or lenses, from 
designated eas SESues of tree OL-B-42. 
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Fic. 99 C.—Longitudinal uniformity among partial growth layers, or lenses, from 
designated trunk sections of tree OL-B-42. 
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Fic. 100.—Longitudinal uniformity among partial growth layers, or lenses, from 
designated trunk sections of tree OL-SO-57. (See also text figs. 91 and 92.) 
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Fic. 101.—Longitudinal uniformity among partial growth layers, or lenses, from 
designated trunk sections of tree OL-S-62. (See also text fig. 93.) 
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Ecutnorps in the Caloosahatchee and Tamiami formations are 
abundant and well preserved. There are seven species in the Caloosa- 
hatchee and nine in the Tamiami, with two of the subspecies occur- 
ring in both formations. Five species and two subspecies are new. 
These echinoids are of particular interest because many of the species 
are very similar to species now living in the Caribbean. This similarity 
makes it possible to suggest several phylogenetic lineages. Further- 
more, most of the species are represented by many specimens, thus 
permitting a biometric study of their variation and ontogeny. 

The living Clypeaster prostratus (Ravenel) is redescribed to 
facilitate easy comparison with its fossil relative Clypeaster crassus 
Kier, new species, in the Tamiami formation. An extraordinary 
hexamerous variant of this species is figured and described. 
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PREVIOUS WORK 


Very little work has been done on the echinoid faunas of the 
Caloosahatchee and Tamiami formations. Twitchell (in Clark and 
Twitchell, 1915, p. 218) described one species from the Caloosa- 
hatchee, Diplothecanthus dalli, and referred another specimen to 
Diplothecanthus rosaceus (Linnaeus). These specimens were referred 
by Cooke (1942, p. 11; 1959, p. 34) and DuBar (1958, p. 209) 
to Clypeaster rosaceus (Linnaeus) and are herein considered as a 
subspecies, C. rosaceus dalli. Clark and Twitchell (1915, p. 209) 
referred some specimens from what is now considered the Tamiami 
formation to Encope macrophora (Ravenel). Mansfield (1932, p. 
48) erected a new subspecies Encope macrophora tamiamiensis, which 
Cooke (1942, p. 20) considered as a separate species referring Clark 
and Twitchell’s specimens to it. Mansfield, in the same paper, de- 
scribed a new cassiduloid, Cassidulus (Rhynchopygus ?) everglad- 
ensis, a species herein referred to Rhyncholampas. Finally, DuBar 
(1958, p. 61) stated that a large echinoid fauna, including several 
regular forms and cassiduloids, occurred in his Bee Branch member 
of the Caloosahatchee formation. 


ECHINOIDS FROM THE CALOOSAHATCHEE FORMATION 


The echinoid fauna of the Caloosahatchee formation comprises 
seven species, including one new species and two new subspecies: 


Lytechinus variegatus plurituberculatus Kier, new subspecies 
Echinometra lucunter (Linnaeus) 

Encope michelim imperforata Kier, new subspecies 
Clypeaster subdepressus (Gray) 

Clypeaster rosaceus dalli (Twitchell) 

Rhyncholampas ayresi Kier, new species 

Agassizia porifera (Ravenel) 
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The Caloosahatchee formation is described in detail by DuBar 
(1958, 1962). It consists of tan, sandy or silty, extremely fossilif- 
erous marl that uncomformably overlies the Tamiami formation. 

Many workers have considered the Caloosahatchee to be Pliocene 
(Heilprin, 1887; Dall and Harris, 1892; Mansfield, 1939; Olsson 
and Harbison, 1953; Bergendahl, 1956). However, DuBar (1958, 
1962) and MacNeil (1962, personal communication) place it in the 
Pleistocene. Unfortunately, the echinoids are of little assistance in 
determining its age. There are no well-dated Pleistocene or Pliocene 
echinoid faunas known in the Western Hemisphere to compare with 
the Caloosahatchee echinoids, and the fauna is distinct from any of 
the European faunas. Furthermore, the relationship of the fauna 
to the Recent Caribbean fauna likewise gives no significant clues as 
to the age of the formation. Five of the species are still living, but 
three of them are subspecifically differentiated from Recent forms. 
The two extinct species, Agassizia porifera (Ravenel) and Rhyn- 
cholampas ayrest Kier, new species, are distinct from any echinoids 
now living in the Caribbean. These similarities and differences are 
of little use in determining the age of the fauna until more is known 
of the rate of speciation in Late Tertiary echinoids. 


ECHINOIDS FROM THE TAMIAMI FORMATION 


The Tamiami echinoid fauna consists of nine species, including 
four new species and two new subspecies: 

Arbacia crenulata Kier, new species 

Lytechinus variegatus plurituberculatus Kier, new subspecies 

Clypeaster crassus Kier, new species 

Clypeaster sunnilandensis Kier, new species 

Encope tamiamiensis Mansfield 

Encope michelini imperforata Kier, new subspecies 

Mellita aclinensis Kier, new species 

Rhyncholampas evergladensis (Mansfield) 

Echinocardium gothicum (Ravenel) ? 


As redefined by Parker (1951) and DuBar (1958), the Tamiami 
formation is represented by several facies. At Sunniland (fig. 2, 
p. 8) it is a soft gray limestone with abundant echinoids and mol- 
lusks. At Buckingham it is a phosphatic, argillaceous, fossiliferous 
marl, and in the subsurface along the Caloosahatchee River it con- 
sists of beds of clay and sand, most of which are almost devoid of 
megafossils. It has been described in detail by DuBar (1958, 1962). 

Most workers consider the Tamiami formation as Late Miocene. 
The echinoids are of little use in determining the age of the Tamiami 
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because so many of the species are confined to the Tamiami or found 
elsewhere in poorly dated beds. Five of the species are confined to 
the Tamiami; two of the subspecies to the Tamiami and Caloosa- 
hatchee. Clypeaster crassus Kier, new species, has been found in 
South Carolina in deposits considered by Cooke (1959, p. 36) to be 
Pleistocene, but Wilson (1962 personal communication) suggests 
that these deposits may be Late Miocene. 


EVOLUTION 


Many of the taxa in the two formations and those living today 
in the Caribbean are so similar that it is reasonable to suggest sev- 
eral phylogenetic lineages (fig. 1). Clypeaster subdepressus, a species 
known from the Caloosahatchee and the Recent, appears to be de- 
scended from the Tamiami Clypeaster sunnilandensis. The two 
species are alike in all characters except petal III, which is open in 
C. sunnilandensis and closed in C. subdepressus. Clypeaster rosaceus 
dalli is distinguished from Clypeaster rosaceus rosaceus only by its 
broader test. Clypeaster prostratus, a living species, can be dis- 
tinguished from the Tamiami Clypeaster crassus only by its thinner 
margin; it is probably descended from it. 

Encope muchelini imperforata from the Tamiami and Caloosa- 
hatchee is probably the ancestor of Encope michelim michehm, known 
only from the Pleistocene-Recent. The two subspecies are very simi- 
lar, differing only in the development of the posterior lunule. Ly- 
techinus variegatus plurituberculatus, also from the Tamiami and 
Caloosahatchee, is similar in all respects to Lytechinus variegatus 
variegaius except for the number of tubercles in the ambulacra. 
Rhyncholampas ayresi from the Caloosahatchee is similar to Rhyn- 
cholampas evergladensis from the Tamiami and probably is descended 
from it. 


ECOLOGY 


Echinoids of both the Tamiami and Caloosahatchee formations 
evidently lived in shallow water. Five out of the seven species found 
in the Caloosahatchee formation are still living: Lytechinus varte- 
gatus, Echinometra lucunter, Clypeaster rosaceus, Clypeaster subde- 
pressus, and Encope michelim. These species occur today in shallow 
water. H. L. Clark (1933) included all of them in his report on the 
littoral echinoderms of Puerto Rico. According to Clark (op. cit., 
p. 74), “the littoral sea urchins are so well known and the line be- 
tween them and the deep water forms is so easy to draw that there 
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Fic. 1.—Suggested lineages of some of the species. 
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is little room for difference of opinion as to what species should be 
included in this report.” In his description of the echinoids of the 
Barbados-Antigua expedition, Clark (1921, p. 103-104) considered 
Lytechinus variegatus, Echinometra lucunter, and Clypeaster rosa- 
ceus as “strictly littoral” and as “those species which occur along 
shore, or on reefs easily accessible at low tide.” 

According to Sharp and Gray (1962, p. 313), Lytechinus variega- 
tus off North Carolina is most common in shallow water on sandy 
bottoms where there is material for protective covering and where 
wave action is at a minimum. They found the small adhesive discs 
of the tube-feet of this species inadequate for withstanding even 
moderately heavy wave action. Clark (1933, p. 81) reported that 
off Puerto Rico L. variegatus is most often found on a rather firm 
sandy bottom that is covered with short eelgrass or turtle grass. 

I have observed Clypeaster rosaceus and L. variegatus in great 
numbers off the northeast tip of Key Biscayne, Fla. Here the water 
is sheltered and less than 3 feet deep. The echinoids live on a sandy 
grassy floor, and individuals of both species cover themselves with 
fragments of shells and echinoid tests. Sharp and Gray (op. cit., 
p. 313) have shown that in L. variegatus this covering of the test 
serves aS a protection against intense light. 

The other two clypeasteroids, Clypeaster subdepressus and Encope 
michelin, are found in sandy bottoms, but Echinometra lucunter is 
usually found on rock or coral, suggesting that, although the sea 
floor was probably predominately sandy, there may have been some 
areas of hard sea floor. 

The two extinct Caloosahatchee species, the cassiduloid Rhyncho- 
lampas ayrest and the spatangoid Agassiza porifera, are little help 
in making paleoecological interpretations. Little is known of the 
ecology of the cassiduloids (Kier, 1962, p. 21). Rhyncholampas 
pacificus (A. Agassiz), which resembles RF. ayresi, is known from 
depths of 5 to 60 feet, but nothing is known of its living habits. Of 
the two living species of Agassizia, one of them, A. scrobiculata 
Valenciennes, is, according to Mortensen (1951, p. 345), “an emi- 
nently littoral form,” but the other, A. excentrica A. Agassiz, oc- 
curs in depths from 45 to 900 meters. 

Two of the living littoral species, L. variegatus and Encope 
michelint, also occur in the Tamiami formation. Four of the extinct 
Tamiami species, Clypeaster crassus, Clypeaster sunnilandensis, En- 
cope tamiamiensis, and Mellita achinensis, are clypeasteroids. Species 
of this order generally occur in the littoral zone (Hyman, 1955, 
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p. 579) or littoral-sublittoral zone (Mortensen, 1948, p. 17). Two 
of the three extinct nonclypeasteroids, Rhyncholampas evergladensis 
and Echinocardium gothicum ?, belong to genera which occur today 
in both shallow and deep water. The third species, Arbacia crenu- 
lata, is a member of a genus that almost always is littoral. 


FLORIDA LOCALITIES (FIG. 2) 
UNNAMED POST-CALOOSAHATCHEE PRE-FORT THOMPSON UNIT 


According to Druid Wilson (1962, personal communication), this 
unnamed unit contains the beds referred by Mansfield (1939, p. 34) 
to the upper Pliocene; DuBar’s unit 6 (1958, p. 80) at Ortona 
Lock, and DuBar’s unit F (1962), p. 14) at Shell Creek, which, he 
observed, contained a molluscan fauna considerably different from 
the underlying Caloosahatchee bed. Both units are included by DuBar 
in the Caloosahatchee formation. 


Locality No, U.S.G.S. No. Description 


1 22704 Float from road metal pit on south side of 
Florida route 80 southwest of town of Belle 
Glade, Palm Beach County. 


CALOOSAHATCHEE FORMATION (BEE BRANCH MEMBER OF DUBAR IN 
CALOOSAHATCHEE RIVER AREA), 


Z 23082 Float from north bank of Caloosahatchee River 
and from road metal (“La Belle’) pits on 
north bank in SE $ sec. 12, T. 43 S., R. 28 E., 
Sears quad., Hendry County. : 

3 23083 Outcrops along north bank of Caloosahatchee 
River and in road metal (“La Belle”) pits on 
north bank in SE 4 sec. 12, T. 43 S., R. 28 E., 
Sears quad., Hendry County. 

4 23085 Float from north bank of Caloosahatchee River 
west of Three Way Rock Co. pits, in SW 4+ 
sec: 6, &. 43 S.,- R: 29) Es La Belle quad; 
Hendry County. 

5 23084 Float from Three Way Rock Co. pits on north 
bank of Caloosahatchee River in SW 4 sec. 6, 
T. 43 S., R. 29 E., La Belle quad., Hendry 


County. 

6 22373 Float in Denaud pits, in NW 4 sec. 14, T. 43 S., 
R. 28 E., Sears quad. Hendry County. 

7 22387 Caloosahatchee Canal (south bank), 1 mile 
east of bridge at La Belle, Hendry County. 

8 22914 2-3 feet of outcrop above 5 feet (approx.) 


greenish-gray clay in west bank of canal in 
SE 4 sec. 18 and NE 4 sec. 19 (over distance 
Of approx O'S mis) ole 40M San exe eo ee 
El! Jobean quad., float and in place. 
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Fic, 2.—Sketch map of echinoid localities. 
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USGS NO. Description 
TAMIAMI FORMATION (TYPICAL) 

22587 Sunniland Rock Co. pits west side of Florida 

21067 route 29, Sunniland, Collier County, in NW 4 
Seca 29 WAS se wikes OO) Ey, 

22879 Float from pits west side of Florida route 29 
about 1.3 miles south of Sunniland. 

22880 Float from pits 0.3 mile east of Florida route 


29 at Sunniland, Collier County, in SE 4 sec. 
ZO ESAS Sake oO ke 

22881 Float from pits about 0.5 mile west of Florida 
route 29 near Sunniland, Collier County, in 
SW35 sec. 29, T. 48 S., R. 30 E. 

22882 Float from pit in Sunniland Rock Co. property 
about 0.1 mile south of pits 0.5 mile west of 
Florida route 29 near Sunniland, Collier 
County, in SW 3 sec. 29, T. 48 S., R. 30 E. 


21263 Golden Shores, Naples, just south of U.S. route 
41 and east of Naples Bay, NW 4 sec. 10, T. 
SOUS Rs Zo) Be 

21262 North of Tamiami Trail (U.S. route 41) at 
point 11.7 miles east of Monroe Station. 

21260 South side of Tamiami Trail (U.S. route 41) 


at a point 7.1 miles east of western intersec- 
tion of U.S. route 41 and Florida route 94. 


21091 1 mile north of Tamiami Trail (U.S. route 41) 
at a point 4.7 miles east of Ochopee post office. 

21044 From pits of Sunniland Rock Co. at Monroe 
Station just north of Tamiami Trail (U.S. 
route 41). 

22792 Float from canal in subdivision on south side of 


Tamiami Trail (U.S. route 41) about 0.8 mile 
west of Ochopee post office. 


TAMIAMI FORMATION (“BUCKINGHAM” FACIES) 


22604 Type locality of “Buckingham limestone,” Buck- 

22597 ingham, Lee County, in SW 4 sec. 5, T. 44 
Sp se AO) 1B 

21169 Spoil banks of canals at end and between Tropic 


Avenue and Ponciana Boulevard 10 miles east 
of Fort Myers at Fort Myers Shores, in 
NW $ sec. 29, T. 43 S., R. 26 E., Lee County. 

21128 Spoil bank of pit in Baucom Ranch, south of 
Florida route 80 and Fort Myers Shores, in 
SE i sec. 31, T. 43 S., R. 26 E., Lee County. 

21066 Float from pits on east side of “County marl 
pits” (east side of Spanish Creek) about 1.3 
miles east of Alva, just south of Florida route 
78 in NW 4 NW i sec. 23, T. 43 S., R. 27 E., 
Lee County. 
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Locality No. U.S.G.S. No. Description 


24 23086 Float from north spoil bank of canal about 
0.2 mile southwest of bridge over Caloosa- 
hatchee River at Olga, Lee County, NE 4 
NE 5 sec. 21, T. 43 S., R. 26 E., Olga quad. 

25 21015 West Coast Rock Co. pits 0.3 mile west of U.S. 
route 41 about 8.0 miles south of Fort Myers 
in WSW) \4usec: 26. Tiv450S.5 Re 24 ee Bont 
Myers SW quad. 

TAMIAMI FORMATION (BARNACLE-ECHINOID-OYSTER FACIES) 

26 22454 Float from spoil banks of canals and north 
bank of North Fork (of Alligator Creek) 
west of U.S. route 41, in NE + NW 4 sec. 20, 
R. 23 E., T. 41 S., Punta Gorda, Sea Lanes 
subdivision, Punta Gorda quad. 


27 21257 Spoil banks from group of pits in sec. 29, T. 
22315 41 S., R. 23 E., about 1 miles southwest of 
22318 Acline, Charlotte County. 

28 22592 Outcrop in west bank of Alligator Creek (South 


Prong), about 2.5 miles east of U.S. route 41 
and just south of bridge on paved road in 
NE } sec. 26, T. 41 S., R. 23 E., Cleveland 
quad., Charlotte County. 

29 22742 From bed and banks of Alligator Creek (South 
Prong) northwest of bridge in NE 34 sec. 26, 
T. 40 S., R. 23 E., Cleveland quad., Char- 
lotte County. 

30 21258 Spoil from borrow pit along Florida route 760, 
1.6 miles east of junction of U.S. route 17 
and Florida route 760 at Nocatee, in NW + 
SE 4 sec. 24, T. 38 S., R. 24 E. (Bergendahl, 
1956, p. 74). 

31 22911 Float from spoil on west side of canal in Port 
Charlotte area, Charlotte County, in SW 4 
sec. 20, T. 40 S., R. 22 E., El Jobean quad.; 
locality directly opposite eastward turn in 
canal. 

32 22916 Float from. east side of “Sam Knight” canal 
crossing with U.S. route 41 about 2.4 miles 
west of “Murdock” Station (Port Charlotte), 
Murdock quad., in SW 3 sec. 2, T. 40 S., 
R. 21 E., Charlottee County. 


UNNAMED LATE MIOCENE FORMATION 


33 22584 Osprey, Sarasota County, float from road metal 
pit some distance east of U.S. route 41 just 
north of North Creek. 
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SYSTEMATICS 
ARBACIA CRENULATA Kier, new species 
Plate 1, figures 1-5; text figures 3-7 


Diagnosis.—Species characterized by crenulated ornamentation on 
plates. 

Material——tThirty-one specimens most of which are extremely 
well preserved with all the ornamentation visible. 

Shape.—Medium size, varying from a horizontal diameter of 11.8 
to 42.0 mm; moderately high, with height 40 to 50 percent of diame- 
ter, height-diameter ratio constant throughout growth (text fig. 3). 
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Fic. 3.—Arbacia crenulata Kier, new species. Height of the test relative to the 
diameter. 


Apical system.—Preserved in 21 specimens; all oculars exsert in 
all specimens (text fig. 4); oculars generally pentagonal, small usu- 
ally without tubercles ; genital plates large with genital pore in center 
of each plate; periproct elongate diagonally from interambulacra 
3 to 1, at greatest width between 13 to 17 percent of horizontal 
diameter of test. 

Ambulacra—At ambitus one-half width of interambulacra; por- 
iferous zones straight from apical system to near margin, arcuate 
around large tubercles at margin, greatly widened adorally ; adorally 
tubercles so large that pore pairs perforate bosses ; ambulacral plates 
compound, trigeminate; in each poriferous zone 35 pore-pairs in 
specimen 13.8 mm in diameter, 42 in specimen 19.7 mm in diameter, 
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56 in specimen 30 mm in diameter ; the number of primary tubercles 
in each ambulacrum varies from 7 in a specimen 11.8 mm in diame- 
ter to 20 in a specimen 33 mm in diameter; one large pit in each 
ambulacrum near peristome (pl. 1, fig. 4) ; primary tubercles very 
large adorally, but greatly reduced in size and number to ambitus. 

Interambulacra.—Plates low, 22 in interambulacrum of specimen 
13.8 mm in diameter, 24 in specimen 19.7 mm in diameter, 28 in 
specimen 30 mm in diameter; primary tubercles very small in area 
extending from apical system to slightly above ambitus, no tubercles 
in median region, one tubercle on each plate near adradial suture, in 
some specimens tubercles smaller on every other plate in some series ; 
tubercles very large in area from slightly above ambitus to peristome ; 
usually two tubercles on each plate. 


Fic. 4.—Arbacia crenulata Kier, new species: Apical system of holotype, 
U.S.N.M. 648133, from the “Buckingham facies” of the Tamiami formation, 
from loc. 20, « 4. 


Peristome.—Very large, one-half as wide as horizontal diameter 
of test, pentagonal, relative size of peristome constant throughout 
adult growth (text fig. 5); gill slits wide, continuing considerable 
distance on surface of test (pl. 1, fig. 4) ; auricles high, slender, not 
joined. 

Periproct.—Opening elongated along line passing through inter- 
ambulacra 1 and 3; size constant throughout growth (text fig. 6). 

Tuberculation—All primary tubercles imperforate, smooth, on 
highly inflated bosses; surface of all plates, where tubercles do not 
occur, crenulated with series of narrow grooves and ridges running 
from apical system to peristome (pl. 1, fig. 5). Number of tubercles 
relative to size constant throughout growth (text fig. 7). 

Comparison with other species—This species is very similar to 
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Fic. 5.—Arbacia crenulata Kier, new species. Diameter of the peristome rela- 


tive to the diameter of the test. 
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Fic. 6.—Arbacia crenulata Kier, new species. Diameter of the periproct rela- 
tive to the diameter of the test. 
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Arbacia tmprocera (Conrad) from the upper part of the Yorktown 
formation (Late Miocene). Both species have the same shape, same 
number of tubercles in the ambulacra and interambulacra, and same 
number of ambulacral and interambulacral plates. A. crenulata dif- 
fers in the surface ornamentation of the plates. In A. crenulata the 
ornamentation consists of fine crenulations (pl. 1, fig. 5) that ex- 
tend adorally, whereas in A. improcera there are granules (pl. 1, 
fig. 6). Furthermore, in A. crenulata the naked areas in the ambu- 
lacra and interambulacra extend farther adorally than in A. impro- 
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Fic. 7.—Arbacia crenulata Kier, new species. Number of interambulacral 
tubercles relative to the diameter of the test. 


cera. A. crenulata is easily distinguished from Arbacia waccamaw 
Cooke by its much more ventral ambitus, lower interambulacral 
plates, and smaller adapical tubercles. It is distinguished from Arbacia 
rivuli Cooke in having fewer tubercles in the adapical interambu- 
lacra. A. crenulata is similar to Arbacia sloani (Clark) from the 
Late Miocene (Duplin marl) but unfortunately no well preserved 
specimens are known of A. sloani, and it is not possible to make a 
detailed comparison of the two species. 

Occurrence.—This species is most common in the “Buckingham” 
facies and the barnacle-echinoid—oyster facies of the Tamiami forma- 
tion. Very few specimens were collected from the typical Tamiami. 

Tamiami formation: Typical Tamiami: Loc. 12, 14. 


Tamiami formation, “Buckingham” facies: Loc. 20, 21, 22, 23, 
24, 25. 
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Tamiami formation, barnacle—echinoid—oyster facies: Loc. 26, 29, 
30. 
Unnamed late Miocene formation: Loc. 33. 


Type.—Holotype, U.S.N.M. 648133, loc. 20. 


LYTECHINUS VARIEGATUS VARIEGATUS (Leske) 
Plate 2, figure 3 


Cidaris variegata (part) Leske, 1778, Klein’s Naturalis dispositio Echinoderma- 
tum, p. 149, pl. 10, figs. B, C. 

Lytechinus variegatus (Lamarck). Mortensen, 1943, Monograph of the Echi- 
noidea, vol. 3, pt. 2, p. 437, pl. 24, figs. 1-9; pl. 25, figs. 1-12, pl. 53, figs. 1, 6, 
Alt 3s 

Lytechinus variegatus (Leske). Cooke, 1959, U. S. Geol. Sury. Prof. Paper 
S2ieepal os ple 2, nes. 12.13. 

Lytechinus variegatus (Leske). Cooke, 1961, Smithsonian Misc. Coll., vol. 142, 
No. 4, p. 10, pl. 5, figs. 1-2. 


A detailed description and synonymy are given by Mortensen 
(1943, pp. 437-446). This species occurs today in the West Indies, 
extending as far north as North Carolina and as far south as Brazil. 
It was previously known as a fossil from the Pliocene San Gregorio 
formation in Venezuela (Cooke, 1961, p. 10). The San Gregorio 
specimens appear to be slightly different and may not belong to this 
subspecies. Cooke reports this subspecies from deposits in South 
Carolina which he considers to be Pleistocene. 

Type.—Figured specimen, U.S.N.M. 648151. 


LYTECHINUS VARIEGATUS PLURITUBERCULATUS Kier, new subspecies 
Plate 2, figures 1, 2; Plate 3, figure 1; Plate 4, figure 4; text figures 8-11 


Diagnosis.—Distinguished from nominate subspecies by more nu- 
merous tubercles in ambulacra. 

Material—Two specimens from the Tamiami formation; 13 from 
the Caloosahatchee. 

Shape.—Size moderate, varying from 48 to 56 mm in horizontal 
diameter, height varying from 55 to 60 percent (average 57) of 
the diameter; marginal outline circular to subpentagonal; peristome 
depressed. 

Apical system.—Partially preserved on only one specimen (text 
fig. 8), genital plates of different size, genital 5 smaller than others; 
ocular plates I and V broadly insert, other oculars exsert. 

Ambulacra.—Ambulacra moderately broad, approximately 60 per- 
cent width of interambulacra, in specimen 54 mm in diameter 36 
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Ce 


Fic. 8.—Lytechinus variegatus plurituberculatus Kier, new subspecies: Apical 
system of U.S.N.M. 648150, from the Caloosahatchee formation, loc. 6, X 4. 
Genital 2 absent on specimen. 


plates in each series; two regular series of secondary tubercles par- 
allel to primary series in each ambulacrum; this series extending 
from midway between apical system and margin to near peristome, 
in specimen 54 mm long from 25 to 31 secondary tubercles in each 
area. 

Interambulacra.—Secondary tubercles well developed (text fig. 9), 
of approximately same size as primary ; at margin in specimen 48 mm 
in diameter one secondary tubercle adradial to primary, two admedial ; 
in specimen 56 mm in diameter two tubercles adradial, three admedial, 
number of secondary tubercles variable in different interambulacra 


Fic. 9.—Lytechinus variegatus plurituberculatus Kier, new subspecies: Side 
view at ambitus showing tuberculation in U.S.N.M. 648149, from the Caloosa- 
hatchee formation, loc. 6, * 4. 


NO. 5 TERTIARY ECHINOIDS FROM FLORIDA—KIER 17 


in same specimen ; in larger specimens doubling of adradial secondary 
tubercles usually in alternate plates. 

Peristome.—Larger, varying from 31 to 34 percent (average 32) 
of diameter of test; gill slits well developed, curving toward medial 
line of interambulacra. 

Comparison with the nominate subspecies——This subspecies is 
identical in all its characters with the nominate subspecies except 
in the number and arrangement of the secondary tubercles in the 
ambulacra and the lateral distance between the primary ambulacral 
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Fie. 10—Lytechinus variegatus (Leske). Number of large secondary tubercles 
in each ambulacrum relative to the length of the specimens in the Recent L. varie- 
gatus variegatus (Leske) and in the Caloosahatchee and Tamiami L. variegatus 
plurituberculatus Kier, new subspecies. 


NUMBER OF LARGE SECONDARY TUBERCLES 


tubercles. In the nominate subspecies the secondary tubercles are 
usually irregularly arranged, alternating from either side of the 
median suture (pl. 2, fig. 3). In L. variegatus plurituberculatus, 
however, the secondary tubercles are in two regular series (text 
fig. 8; pl. 2, fig. 2). Furthermore, they are much more numerous 
(see scatter diagram, text fig. 10) than in the nominate subspecies. 
I have found only one specimen out of 59 studied of the nominate 
subspecies that had a double series of tubercles. Mortensen (1943, 
p. 440) reports that specimens with a double series of secondary 
tubercles are rare. 

The lateral distance between the primary tubercles of the same 
ambulacrum is usually greater in L. variegatus plurituberculatus than 
in the nominate subspecies. In the five Caloosahatchee specimens in 
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which this area can be seen this distance averaged 13.1 percent of 
the length, with a standard deviation of 0.29. In the nominate sub- 
species (using 59 specimens) this distance averages 11.2 percent of 
the length, with a standard deviation of 0.69. Even though there are 
so few fossil specimens the difference between this distance between 
the primary ambulacral tubercles is highly significant as shown in a 
scatter diagram (text fig. 11) and by biometric analysis. Using the 
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Fic. 11.—Lytechinus variegatus (Leske). Distance between primary ambu- 
lacral tubercles relative to length of test in specimens of L. variegatus variegatus 
(Leske) from the Recent and specimens of L. variegatus plurituberculatus Kier, 
new species, from the Caloosahatchee and Tamiami formations. 


procedure recommended by Burma (1948, p. 731) and followed by 
Kier (1957, p. 86) a value of 12.6 was found for the difference in 
the means of the distance between the primary ambulacral tubercles 
in the two populations. Since a result of 3 or more is almost certainly 
significant, with the degree of probability increasing greatly with the 
increase of this number, it is evident that these populations are signifi- 
cantly different in this character. In the two Tamiami specimens the 
distance between the primary tubercles is less than that in the Caloosa- 
hatchee specimens but more than in the nominate subspecies, with an 
average of 12.15 percent of the length and a standard deviation of 0.07. 

Although these differences in the number and arrangement of the 
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tubercles are significant, there is some overlap, and some of the speci- 
mens are intermediate between the two taxa. It is for this reason, 
together with the great similarity between the taxa in all their other 
features, that these taxa are herein subspecifically rather than specifi- 
cally distinguished from each other. 

Occurrence.—Caloosahatchee formation, loc. 2, 6. Tamiami for- 
mation (“Buckingham” facies), loc. 20. 

Types—Holotype, U.S.N.M. 648149, loc. 6; figured specimen 
U.S.N.M. 648150, loc. 6. 


ECHINOMETRA LUCUNTER (Linnaeus) 
Plate 3, figure 2; Plate 4, figures 1-3 


Echinus lucunter Linnaeus, 1758, Systema naturae, ed. 10, p. 665. 

Echinometra lucunter (Linnaeus). Mortensen, 1943, Monograph of the Echi- 
noidea, vol. 3, pt. 3, p. 357. (See this work for the pre-1943 references to this 
species. ) 

Echinometra lucunter (Linnaeus). Caso, 1948, Inst. Biol. México, vol. 19, p. 199, 
figs. 10-11. 

Echinometra lucunter (Linnaeus). Dartevelle, 1953, Ann. Mus. Congo Belge, 
vol. 13, p. 38, figs. 7-8, pl. A, fig. 5, pl. i, figs. 4-6. 

Echinometra lucunter (Linnaeus). Clark, 1954, Bull. U.S. Fish Comm., vol. 55, 
p. 374. 

Echinometra lucunter (Linnaeus). Clark, 1955, Journ. West Afr. Sci. Assoc., 
vol. 1, p. 52. 

Echinometra lucunter (Linnaeus). Bernasconi, 1955, Biol. Inst. Oceanogr. Sao 
Paulo, vol. 6, p. 62, pl. 2, figs. 1, 5. 

Echinometra lucunter (Linnaeus). Tommasi, 1957, Pap. Dep. Zool. Sec. Agric. 
Sao Paulo, vol. 13, p. 29, figs. 16, 20, pl. 1, figs. 4, 6. 


Remarks—There are seven specimens which can be referred to 
this species. Although the fossil specimens are only slightly elongated, 
whereas in most of the Recent specimens the test is greatly elongated, 
this difference is not considered significant. According to Clark 
(1954, p. 374, footnote), Recent specimens are commonly circular 
in outline in the western part of the Gulf of Mexico. 

Ecology.—This species is usually found living on rocks in the lit- 
toral zone. 

Distribution.—This species is found living today in the West Indies 
from Florida to Brazil and off the west coast of Africa. Arnold and 
Clark (1934, p. 140) report it as a fossil from Jamaica, and Darte- 
velle (1953, p. 38) found it in the Pleistocene of Angola. 

Fossil occurrence in Florida.—Caloosahatchee formation, loc. 6. 

Types.—Figured specimens, U.S.N.M. 648152-3, loc. 6. 
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CLYPEASTER PROSTRATUS (Ravenel) 
Plate 5, figures 2, 3; Plate 6, figures 1, 2; Plate 7, figures 1-4; text figures 12-17 


Scutella gibbosa Ravenel, 1845, Proc. Acad. Nat. Sci. Philadelphia, vol. 2, p. 253 
(not Scutella gibbosa Risso, 1825). 

Clypeaster prostratus Ravenel. Mortensen, 1948, Monograph of the Echinoidea, 
vol. 4, pt. 2, p. 118, pl. 16, fig. 1; pl. 24, fig. 1; pl. 25, figs. 1, 2; pl. 26, fig. 5. 
(See this work for the pre-1948 references to this species.) 

Clypeaster prostratus Ravenel. Cooke, 1959. U.S. Geol. Sury. Prof. Paper 321, 
p. 36. 


Before Mortensen (1948, p. 118) this species had never been ade- 
quately described. Although Mortensen’s description is thorough, it 
is based on only two specimens. Since 38 specimens are now available, 
a redescription is warranted. 

Diagnosis——Species characterized by thin pentagonal test with 
thick margin, flat area between end of petals and margin, and closed 
paired petals. 

Material—tThirty-eight specimens, all dried. 

Shape.—Smallest specimen 37 mm long, largest 91, average 70 
mm; wide, average width 91 percent of length; length-width ratio 
with little variation (text fig. 12); test pentagonal with truncated 
posterior margin, pointed anterior with greatest width anterior to 
center, in some specimens slight indentation at margin in inter- 
ambulacra 4 and 1; margin thick, 6.5 mm thick in specimens 91 mm 
long, area between margin and ends of petals very slightly sloping, 
horizontal, or slightly depressed; petaloid area inflated; test low, 
average height 17 percent of length (text fig. 13); adoral surface 
flat. 

Apical system.—Central (pl. 7 fig. 4), small, madreporite large, 
button shaped, five genital pores; ocular plates small. 

Ambulacra.—Petals broad, short, extending three-fifths distance 
from apical system to margin; anterior petal (III) slightly longer 
than others, in specimen 91 mm long anterior paired petals (II, IV) 
shortest, approximately 9 percent shorter (25 mm long in holotype) 
than petal III; posterior paired petals intermediate (27.2 mm in 
specimen 91 mm long), 6-8 percent shorter than petal III; paired 
petals closed, anterior petal (III) open; interporiferous zone ap- 
proximately twice width poriferous zone; number of pore-pairs 
varying with size, in smallest specimen (37 mm long) 37 pore-pairs 
in petal III, in largest (91 mm long) 61; as evident from text fig. 
14, rate of addition of new pore-pairs decreasing in larger specimens ; 
in specimen 91 mm long 59 pore-pairs in petals II or IV, 65 in petals 
Tor V. 
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Fic. 12.—Clypeaster prostratus (Ravenel). Width relative to length of test. 
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Fic. 13.—Clypeaster prostratus (Ravenel). Height relative to length of test. 
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Periproct.—Inframarginal, located near posterior margin ; on holo- 
type 3.5 mm from margin, opening irregular in shape, usually elon- 
gated transversely. 

Peristome.—Central to slightly posterior, pentagonal, pointed an- 
teriorly, truncated posteriorly. 
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Fic. 14.—Clypeaster prostratus (Ravenel). Number of pore-pairs in ambula- 
crum III relative to length of test. 


Adoral plate arrangement.—Primordial interambulacral plates 
much smaller than ambulacral plates, difficult to see because of exten- 
sion of ambulacral plates over suture, on inside of test (text fig. 16) 
interambulacral plates only visible near outer edge of basicoronal 
plates, on outside of test (text fig. 16) plates more exposed, extending 
almost to peristome; basicoronal interambulacral plates separated 
from postbasicoronal plates by two pairs of ambulacral plates (text 
fig. 15); 6 to 7 ambulacral, 4 or 5 interambulacral postbasicoronal 
plates in each series on adoral surface. 
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Color.—Y ellow-brown except for five brown specimens. 

Comparison with other spectes—This species is most similar to 
Clypeaster subdepressus. It differs in having a thicker margin, a 
less elongate and less inflated test, and a flatter area between the ends 
of the petals and the margin. Petal III in C. prostratus is more open 
and shorter relative to the other petals, and the paired petals are more 
constricted distally. The basicoronal interambulacral plates do not 


Fics. 15, 16.—Clypeaster prostratus (Ravenel): 15, Adoral view of U.S.N.M. 
648176, from the Recent, Gulf of Mexico, lat. 29° 10’ N., long. 85° 31’ W., Alba- 
tross station 2375, 1; 16, exterior and interior views of basicoronal plates of 
U.S.N.M. 648173 from same locality as above, X 3. 
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extend to the peristome in C. prostratus. Apparently this species is 
smaller than C. subdepressus, although it is possible that no fully 
grown adults have been collected. C. prostratus resembles in its mar- 
ginal outline and thick margin Clypeaster ravenelu (A. Agassiz). 
However, in C. ravenelu the petals are widely open. 

Aberrant specimen.—One specimen is a perfect hexamerous vari- 
ant belonging to Jackson’s (1929, p. 541) group 18. There are six 
genital pores, six petals (pl. 6, fig. 1), six ambulacral grooves (pl. 


Fic. 17.—Clypeaster prostratus (Ravenel): Adapical and adoral views of 
hexamerous variant, U.S.N.M. 648174, from the Recent, Gulf of Mexico, lat. 
29° 10’N., long. 35° 31’ W., Albatross station 2375, < 1. 


6, fig. 2), and six pyramids and teeth (pl. 5, fig. 3). The plate ar- 
rangement is completely normal (text fig. 17) except that there are 
two extra ambulacral and two extra interambulacral series. The shape 
of the test is not regular and the test is not bilaterally or radially 
symmetrical. The anterior petal (III) can be identified because it is 
more open than the others. Because of the location of the periproct 
the petals between it and petal III on the left side of the test are 
normal. The extra petal is one of those lying between petals V and 
III on the right side of the test (as viewed adapically). There seems 
to have been no disruption in the production of plates, for the petals 
have the same number of pore pairs found in a normal specimen of 
this size. This aberrant form was evidently not produced by any 
pathological accident since all the test is hexamerous. It is probably 
the result of a mutation. 
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Occurrence.—Living off South Carolina and Georgia and in the 
Gulf of Mexico with a bathymetrical distribution of 25-55 meters. 
Types.—Figured specimens, U.S.N.M. 648173-5. 
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Fic. 18.—Clypeaster subdepressus (Gray): Adapical and adoral views of 
U.S.N.M. 648177, from the Recent, Gulf of Mexico, off Galveston, Tex., x 4. 


CLYPEASTER SUBDEPRESSUS (Gray) 
Plates 8, 9; text figure 18 


Echinanthus subdepressa Gray, 1825, Ann. Philos., ser. 2, vol. 26, p. 427. 

Clypeaster (Stolonoclypus) subdepressus (Gray). Mortensen, 1948, Monograph 
of the Echinoidea, vol. 4, pt. 2, p. 112, pl. 23, figs. 1-3; pl. 24, fig. 3; pl. 25, 
fig. 6; pl. 26, figs. 1-6, pl. 27, fig. 4; pl. 45, figs. 4, 11, 14, 15. (See this refer- 
ence for the pre-1948 citations of this species.) 

Clypeaster subdepressus (Gray). Sanchez Roig, 1949, Paleont. Cubana, vol. 1, 
p. 82. 

Stolonoclypus subdepressus (Gray). Sanchez Roig, 1952, Revision de los Clype- 
asteridos Cubanos, p. 17. 

Clypeaster subdepressus (Gray). Breder, 1955, Bull. Amer. Mus. Nat. Hist., 
vol. 106, no. 3, pl. 1, fig. 3. 

Clypeaster subdepressus loculatus Bernasconi, 1956, Neotropica, vol. 2, p. 35, fig. 

Clypeaster (Stolonclypus) suwbdepressus (Gray). Krau, 1956, Mem. Inst. 
Oswaldo Cruz, vol. 54, p. 415-416, figs. 5-10, 13, 15, 17, 19. 

Clypeaster (Stolonclypus) subdepressus (Gray). Tommasi, 1957, Pap. Dept. 
Zool. Sec. Agr. Sao Paulo, vol. 13, p. 30-31, figs. 22-24, pl. 2, figs. 3, 4. 

Clypeaster subdepressus lobulatus Bernasconi, 1958, Bol. Inst. Oceanogr. Sao 
Paulo, vol. 7, p. 122, pl. 1, figs. 4a-c. 

Clypeaster subdepressus (Gray). Cooke, 1959, U.S. Geol. Surv. Prof. Paper 
321, p. 36, pl. 11, figs. 2-4. 


26 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145 


Material—Seven specimens. 

Remarks.—tThere is little doubt that these specimens belong to 
this living species. They are identical in all characters. The species 
is known all over the West Indies from Florida to Brazil. Sanchez 
Roig (1949, p. 82) reported it as fossil from the Pleistocene of Cuba. 
The specimens which Cooke (1959, p. 36) referred to this species 
are herein referred to Clypeaster crassus Kier, new species. 

Fossil occurrence.—Caloosahatchee formation, loc. 3, 4, 6. 

Types.—Figured specimen, U.S.N.M. 648162 (fossil), loc. 3; 
U.S.N.M. 648177 (Recent). 


CLYPEASTER ROSACEUS (Linnaeus) 


Echims rosaceus Linnaeus, 1758, Systema naturae, ed. 10, p. 665. 

Clypeaster rosaceus (Linnaeus). Mortensen, 1948, Monograph of the Echi- 
noidea, vol. 4, pt. 2, p. 40, pl. 1, figs. 2-4; pl. 64, figs. 1-5. (See this work for 
a list of the pre-1948 references to this species.) 

Clypeaster rosaceus (Linnaeus). Sanchez Roig, 1949, Paleont. Cubana, vol. 1, 
p. 78. 

Clypeaster rosaceus (Linnaeus). Sanchez Roig, 1952, Revision de los Clype- 
asteridos Cubanos, p. 9. 

Clypeaster rosaceus (Linnaeus). Durham, 1955, Univ. California Publ. Geol. 
Sci., vol. 31, no. 4, text figs. 15a, 25a. 

Clypeaster rosaceus (Linnaeus). Cooke, 1959, U.S. Geol. Surv. Prof. Paper 
321, p. 34, pl. 10, figs. 1-3. 

Clypeaster rosaceus (Linnaeus). Cooke, 1961, Smithsonian Misc. Coll., vol. 142, 
No. 4, p. 16, pl. 5, fig. 3. 


CLYPEASTER ROSACEUS ROSACEUS (Linnaeus) 


This subspecies has been recorded as fossil from the Miocene of 
Venezuela (Cooke, 1961, p. 16) and the Pleistocene of Cuba (San- 
chez Roig, 1949, p. 78). It was not found in the Tamiami or Caloosa- 
hatchee formations. 

Ecology.—I have observed this species off Key Biscayne, Fla., in 
3 feet of water living on top of the sand sea floor. They had covered 
the top of their tests with sea shells and portions of the dead tests of 
other echinoids. 


CLYPEASTER ROSACEUS DALLI (Twitchell) 
Plate 10; text figures 19-23 


Diplothecanthus rosaceus (Lamarck). Clark and Twitchell, 1915, U.S. Geol. 
Surv. Monogr. 54, p. 219, pl. 102, figs. la, b; pl. 103, figs. 1a, b. 

Diplothecanthus dalli Twitchell, 1915, U.S. Geol. Surv. Monogr. 54, p. 218, pl. 99, 
figs. 2a, b; pl. 100, figs. 1a, b. 
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Clypeaster dalli (Twitchell). Jackson, 1922, Carnegie Inst. Washington Publ.. 
306, p. 37, pl. 4, fig. 1. 

Clypeaster rosaceus (Linnaeus). Cooke (part), 1942, Journ. Paleont., vol. 16, 
p. ll. 

Clypeaster rosaceus (Linnaeus). DuBar, 1958, Florida Geol. Surv. Bull. 40, 
p. 209, pl. 12, fig. 17. 

Clypeaster rosaceus (Linnaeus). Cooke (part), 1959, U.S. Geol. Surv. Prof. 
Paper 321, p. 34. 
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Fic. 19.—Clypeaster rosaceus dalli (Twitchell). Height relative to length 
of test. 


Diagnosis—Subspecies characterized by broad test. 

Material—Sixty-nine specimens. 

Shape.—Large, largest specimen 145 mm long, smallest 70 mm; 
elongate with width varying from 79 to 90 percent of the length; 
height very variable (text figs. 19, 21, 22), varying from 36 to 57 
percent of the length; marginal outline variable, angularly penta- 
gonal in some specimens, smoothly pentagonal in others; anterior 
margin pointed, posterior truncated, sides indented slightly in all but 
three specimens; petals strongly inflated in some specimens, slightly 
inflated in other, adorally test greatly depressed in area immediately 
around peristome. 
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Apical system.—Central, monobasal, madreporite pentagonal, geni- 
tal pores small, five, varying in position from adjacent to madre- 
porite, or far distant, occurring in interambulacra. 

Ambulacra.—Petals all similar, broad, closed, long petals II, III, 
IV extending almost to margin, petals V, I over two-thirds distance 
to margin; number of pore-pairs in each poriferous zone variable; 
pore-pairs near apical system extremely small, difficult to see ; porifer- 
ous zones only slightly depressed relative to interambulacra. 


Fics. 20-22.—Clypeaster rosaceus dali (Twitchell): 20, Adoral view of 
U.S.N.M. 648164; 21, right side of U.S.N.M. 648165; 22, right side of U.S.N.M. 
648166. All from the Caloosahatchee formation, loc. 6. All x 4. 


Periproct—Small, inframarginal, situated within 1 or 2 mm of 
posterior margin, at junction between fourth and fifth postbasicoronal 
interambulacral plates. 

Adoral interambulacra.—Primiordinal interambulacral plates much 
smaller than ambulacral plates (text fig. 20), separated from post- 
basicoronal plates by two pairs of ambulacral plates; 9 or 10 post- 
basicornal plates in each interambulacrum adorally; 16-20 plates in 
each ambulacrum. 

Peristome.—Central to slightly posterior, deeply depressed, circu- 
lar to slightly pentagonal, opening 10 mm wide on specimen 100 mm 
long. 
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Variation.—This subspecies, as is also true of the nominate sub- 
species, is very variable in many of its features. The test varies in 
shape, from low to highly inflated, with angular to rounded marginal 
outline. The petals may be highly inflated or only slightly inflated. 
In the apical system, all the genital pores may be widely separated 
from the madreporite, or any number of them may be in contact with 
the madreporite. The characters which do not vary are the outline 
of the petals, the position and size of the periproct, and the extent 
of the depressed area around the peristome. 
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Fic. 23.—Clypeaster rosaceus (Linnaeus). Width of the test relative to length. 


Comparison with other species——This subspecies is distinguished 
from the nominate subspecies by its wider test. In all other features 
these specimens are indistinguishable from the nominate subspecies. 
Although there are some specimens of C. rosaceus rosaceus that are 
as wide as specimens of C. rosaceus dal, most of them are narrower 
(see graph in text fig. 23). I have examined the specimen that Jack- 
son referred to Clypeaster dalli and it can not be distinguished from 
the Caloosahatchee specimens. Jackson states that his specimen came 
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from the Miocene or Pliocene of the Dominican Republic, but evi- 
dently this age determination is based only on the fact that the same 
species occurs in the Caloosahatchee. 

Occurrence.—Post-Caloosahatchee, pre-Fort Thompson loc. 1. 
Caloosahatchee formation loc. 2, 3, 6. 

Cooke (1959, p. 34) suggested that all the Florida specimens of 
this species came from the Pleistocene Fort Thompson formation. 
However, neither DuBar nor Wilson and I have ever collected any 
specimens of C. rosaceus dalli from the Fort Thompson. Wilson 
and I have collected several specimens of this subspecies in place in 
the Caloosahatchee formation (DuBar’s Bee Branch member). 

Types.—Holotype, U.S.N.M. 164670; figured specimens, U.S.N.M. 
648163-6. 


CLYPEASTER CRASSUS Kier, new species 
Plate 11, figs. 1-3; text figure 24; table 1 


Clypeaster subdepressus Cooke, 1942 (not Gray), Journ. Paleont., vol. 16, p. 11; 
pl. 4, fig. 5. 

Clypeaster subdepressus Cooke (not Gray), 1959, U.S. Geol. Surv. Prof. Paper 
321, p. 36, pl. 11, figs. 2-4. 


Diagnosis.—Species characterized by thick margin and marginally 
indented interambulacra. 

Materval—Three specimens from Florida; 10 from South Caro- 
lina, three well preserved. bis 

Shape.—Smallest specimen 91 mm long, largest 126; average width 
90 percent of length, average height 19 percent; test pentagonal with 
truncated posterior margin, pointed anterior with greatest width an- 
terior to center; strong indentations in interambulacra 4, 5, 1; mar- 
gin thick, 10 percent of length, area between margin and ends of 
petals flat or slightly depressed ; petaloid area inflated; adoral surface 
flat. 

Apical system.—Slightly posterior to center, five genital pores, 
small ocular plates, madreporite star-shaped. 
_ Ambulacra.—Petals broad, short, extending three-fifths distance 
from apical system to margin; anterior petal (III) slightly longer 
than others (see table 1), anterior paired petals (II, IV) shortest, 
posterior paired petals (V, I) intermediate; interporiferous zone 
approximately twice width poriferous zone; approximately 60 pore- 
pairs in each poriferous zone (see table 1). 

Periproct.—Inframarginal, located near posterior margin ; on holo- 
type (91 mm long) opening 5.5 mm from margin, opening irregular 
in outline, elongated transversely. 
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TABLE 1.—Dimensions of 6 specimens of Clypeaster crassus Kier, new spectes 


Number of 
pore-pairs Length of 
Thickness Petal petal 
Length Width Height of margin III II I Tit II 
Florida 91 85 15 8.3 60 58 55 26.3 24.9 24.8 
121 108 20 9.8 Nc as ae Bey BYES | BBY! 
141 121 50 2.0 71 64 69 AS OMS oLsmoas) 
South Carolina 101 89 18 8.2 6786631) 162 32.5 29.0 29.0 
110 101 21 10.1 67 57 60 34.5 29.6 30.3 
126 115 27 Tee) 64 61 65 41.0 37.7 39.0 


Peristome.—Central to slightly posterior, pentagonal, pointed an- 
teriorly, truncated posteriorly. 

Adoral plate arrangement.—Plate sutures of basicoronal plates not 
visible on all plates; basicoronal interambulacral plates separated 
from postbasicoronal plates by two pairs of ambulacral plates (text 
fig. 24) ; 7 to 8 ambulacral, 3 to 5 interambulacral postbasicoronal 
plates in each series on adoral surface. 

Comparison with other species.—C. crassus is very similar to the 
living species Clypeaster prostratus and is probably an ancestor of it. 
It is similar in shape, size, petal arrangement, plate arrangement, and 
position of apical system, periproct, and peristome. It differs mainly 
in having a thicker margin. In C. crassus the margin is 10 percent 
of the length, whereas in the average specimen of C. prostratus it 
is 7.2 percent of the length. In C. crassus the interambulacra are 
much more strongly indented at the margin in areas 4, 5, 1, and the 
poriferous zones are slightly wider. 


Fic. 24.—Clypeaster crassus Kier, new species: Adapical and adoral views of 
U.S.N.M. 648176, from Intracoastal Waterway Canal about 5 miles southwest 
of Little River, Horry County, S. C., * 4. Basicoronal plate sutures not visible. 
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Cooke (1959, p. 36) referred his specimens of this species from 
South Carolina to Clypeaster subdepressus Gray. However, C. cras- 
sus has a much thicker margin and the area between its margin and 
the ends of its petals is flat or depressed whereas it slopes marginally 
in C. subdepressus. In C. crassus petal III is more widely open and 
not as long relative to the other petals, and the test is less elongate 
and smaller. 

Occurrence.—Florida, Tamiami formation, loc. 9, 10. South Caro- 
lina, U.S.G.S. 18759, Intracoastal Waterway canal 1.5 miles south- 
west of highway bridge near Nixons Crossroads, about 15 miles 
northeast of Myrtle Beach. 

Types.—Holotype U.S.N.M. 648142, loc. 9; figured specimens, 
U.S.N.M. 648143, loc. 9, 648176, U.S.G.S. 18759. 


CLYPEASTER SUNNILANDENSIS Kier, new species 
Plate 3, figure 3; plates 12, 13 


Diagnosis.—Species characterized by large, low, elongate test with 
petal III open distally. 

Material—Fourteen specimens. 

Shape.—Large, largest specimen 15/7 mm long, smallest 119 mm, 
average 140 mm; test elongate, average width 85 percent of length; 
marginal outline pentagonal, anterior pointed, posterior truncated, 
interambulacra 4, 1 slightly indented at margin; area between mar- 
gin and ends of petals sloping marginally; test low, average height 
20 percent of length; margin thin, thickness approximately 7 percent 
of length; petaloid area inflated, adoral surface slightly depressed. 

Apical system—Central to slightly anterior, five genital pores, 
small ocular plates, madreporite star-shaped. 

Ambulacra.—Petals broad, of unequal length, anterior petal (1II1) 
longest, 20 percent longer than anterior paired petals (II, IV) ; pos- 
terior paired petals intermediate in length; anterior petal open, gap 
at distal end of petal averaging 6.2 mm in width or 4.4 percent of 
length, posterior petals open in some specimens ; interporiferous zone 
approximately twice width of poriferous zone; in specimen 139 mm 
long 75 pore-pairs in poriferous zone of petal III, 64 in petal II, 
69 in petal I, in specimen 119 mm long, 68 pore-pairs in zone of 
petal II, 57 in petal IV. 

Periproct.—Inframarginal, located near posterior margin, on speci- 
men 130 mm long, 4.1 mm from posterior margin, opening irregular 
in outline, elongated transversely. 

Peristome.—Central, shape not preserved on any specimen. 
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Adoral plate arrangement.—Plate sutures not visible on any speci- 
men. 

Comparison with other spectes——C. sunnilandensis is identical in 
all characters to C. subdepressus except that its anterior petal (III) 
is open whereas in C. subdepressus it is closed. I examined 35 speci- 
mens of C. subdepressus, and in all these specimens the anterior 
petal was closed, whereas in all the 12 specimens of C. sunnilandensis 
in which this area was exposed the petal was open. 

Occurrence.—Tamiami limestone, loc. 9, 10. 

Types——Holotype, U.S.N.M. 648135, loc. 9; figured specimen, 
U.S.N.M. 648134, loc. 9. 


ENCOPE MICHELINI L. Agassiz 


Encope michelini L. Agassiz, 1841, Monographies d’échinodermes . . . , Mon. 2, 
p. 58, pl. 6a, figs. 9, 10. 

Encope michelini L. Agassiz. Mortensen, 1948, Monograph of the Echinoidea, 
vol. 4, pt. 2, p. 441, pl. 70, fig. 23. (See this reference for the pre-1948 refer- 
ences to this species.) 

Encope michelini L. Agassiz. Cooke, 1959, U.S. Geol. Surv. Prof. Paper 321, 
p. 49, pl. 18, figs. 2, 3. 

Encope michelint L. Agassiz. Cooke, 1961, Smithsonian Misc. Coll., vol. 142, 
No. 4, p. 17, pl. 6, figs. 5-6; pl. 7, fig. 5. 


ENCOPE MICHELINI IMPERFORATA Kier, new subspecies 
Plate 5, figure 1; Plate 6, figures 3, 4; text figures 25-30; table 2 


Diagnosis.—Subspecies distinguished from nominate subspecies 
by absence of posterior interambulacral lunule in many specimens. 

Material_—Sixteen specimens. 

Shape.—From 82 to 140 mm long. Broad with width varying from 
94 to 101 percent (average 96) of length; test very low varying from 
7 to 12 percent (average 9) of length; greatest width posterior to 
center, anterior margin rounded, posterior sharply truncated ; great- 
est height posterior to center; ambulacral notches well developed on 
some specimens (text figs. 25, 30), absent on others; posterior closed 
interambulacral lunule present in six of twelve specimens preserving 
area where it would occur, irregularly developed, in some specimens 
opening very small (text fig. 26), in others quite large (text fig. 28), 
usually irregular in shape, unsymmetrical; in one specimen opening 
in adapical surface but none in adoral; in six specimens no lunule 
(text figs. 25, 29, 30) ; adoral surface flat to slightly depressed except 
for slight elevation between peristome and periproct; margin sharp. 

Apical system.—Slightly anterior, madreporite large, star shaped, 


ae) * 
Pa 
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five genital pores, genital pore 5 eccentric to right on most specimens. 

Ambulacra.—Petals broad, closing distally, interporiferous zone 
wider in petal III than in other petals; anterior petal III, posterior 
paired petals (V and 1) of approximately same length (see table 2) ; 
anterior paired petals shorter than others, in most specimens petal II 
shorter than petal IV; in smallest specimen 76 pore pairs in petal 
III, 59 in II, 61 in IV, 82 in V or I; in larger specimen 100 mm long 
92 pore pairs in petal III, 70 in II, 81 in IV, 118 in V or I. 


TABLE 2.—Encope michelini imperforata Kier, new subspecies 


Length of petal 


Length of test Til II IV Vv I 
109 39 ay 31 4] 4) 
100 SYA) 2763 29.2 36 
106 $8) 25:1 25.1 i is 
115 36 202 29.4 36 36.5 
122 38 3S 32.5 39.5 39 

82 23 17.1 18.4 22.3 22.4 
90 32.5 16.8 17.8 22.8 


Adoral plate arrangement.—Sutures not visible on specimens. 

Periproct—Opening longitudinal, located one-third distance from 
peristome to posterior margin. 

Peritstome.—Central, circular. _ 

Comparison with nonunate subspecies ——This subspecies is similar 
in all respects to the nominate subspecies except that its posterior 
closed lunule is quite small or entirely absent. In one-half of 
the specimens of Encope miuchelini imperforata the lunule is absent 
whereas in the nominate subspecies it is apparently always present. 
I examined 186 specimens of the nominate subspecies, and in all of 
them this lunule was present. 

Remarks.—This subspecies, as with the nominate subspecies, is 
very variable in the shape of the test. The ambulacral notches are 
very well developed in many of the specimens but completely absent 
in others. 

Occurrence.—Post-Caloosahatchee, pre-Fort Thompson, loc. 1. 
Caloosahatchee formation, loc. 4, 6, 7. Tamiami (“Buckingham” 
facies) formation, loc. 23. 

Types—Holotype, U.S.N.M. 648167, loc. 2; figured specimens, 


Fics. 25-30.—Encope michelint imperforata Kier, new species: 25, U.S.N.M. 
648169, loc. 7; 26, U.S.N.M. 648167, loc. 2; 27, U.S.N.M. 648170, loc. 4; 28, 
U.S.N.M. 648168, loc. 6; 29, U.S.N.M. 648171, loc. 4; 30, U.S.N.M. 648172, 
loc. 4. All approximately x 4. 
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U.S.N.M. 648169, loc. 7; U.S.N.M. 648170, 648171, 648172, loc. 4; 
U.S.N.M. 648168, loc. 6. 


ENCOPE TAMIAMIENSIS Mansfield 
Plate 14, figures 1-6; text figures 31-35 


Encope macrophora (Ravenel) (part), Clark and Twitchell, 1915, U. S. Geol. 
Surv. Mon. 54, p. 206, pl. 94, figs. la-f. 

Encope macrophora tamiamiensis Mansfield, 1932, U. S. Geol. Surv. Prof. 
Paper 170-D, p. 48, pl. 17, fig. 8. 

Encope michelini Agassiz. Barry, 1941, Proc. U.S. Nat. Mus., vol. 90, pl. 65, 
fig. 4. 

Encope tamiamtensis Mansfield. Cooke, 1942, Journ. Paleont., vol. 16, no. 1, 
p. 20 

Encope tanuiamiensis Mansfield. Cooke, 1959, U. S. Geol. Surv. Prof. Paper 321, 
p. 48, pl. 17, figs. 3, 4. 


Diagnosis.—Species characterized by thin margin, smaller lunule, 
and more posterior apical system. 

Material—hMore than 1,000 specimens. 

Shape.—Length varying from 7.6 to 122 mm; width varying 
from slightly wider than high to 80 percent of length, with average 
specimen slightly narrower than long (text fig. 31) ; marginal outline 
subcircular, truncated posteriorly; five ambulacral notches; anterior 
notch slight, posterior notches deep; on smallest specimens no 
notches; posterior notch well developed, present on all specimens, 
elongate, irregular in shape and size; test low, height varying from 
10 to 20 percent with an average of 14 percent of the length (text 
fig. 32), greatest height posterior of center at anterior edge of lu- 
nule; margin very sharp with test thin at margin; adoral surface 
evenly concave. 

Apical system.—Anterior (text fig. 33) distance from anterior 
margin to apical system approximately 40 percent of length of test; 
large central star-shaped madreporite with five genital pores, genital 
pore 5 usually eccentric to right (pl. 14, fig. 5). 

Ambulacra.—Anterior petals II, III, IV lanceolate, straight, of 
approximately equal length, with interporiferous zones wider, equal 
to or narrower than poriferous zones; posterior petals V and I longer, 
curving posteriorly, interporiferous zones narower than poriferous. 
In specimen 75 mm long 70 pore-pairs in each poriferous zone in 
petal III; 62 in petals II or IV; 80 in petals V or I; rate of intro- 
duction of new pore-pairs decreases with growth (text fig. 34.). 

Peritproct.—Opening small, elongate, located at anterior edge of 
lunule at inner margin of first pair of postbasicoronal plates in most 
specimens, in several not in lunule but anterior to it. 
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Peristome.—Anterior, small opening, subcircular; food grooves 
bifurcating near peristome, one or two lateral branches to each groove. 
Adoral plate arrangement.—Basicoronal plates small (text fig. 35), 
interambulacral plates larger than ambulacral, posterior interambu- 
lacral plate considerably larger than others; paired interambulacra 
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Fic. 31.—Encope tamiamiensis Mansfield, Encope macrophora (Ravenel). 
Width of test relative to length of test. 


separated from basicoronal plates by first pair of postbasicoronal am- 
bulacral plates ; posterior interambulacrum in contact with basicoronal 
plate; interambulacra with 3 or 4 postbasicoronal plates in each 
column ; ambulacra with 6 or 7 postbasicoronal plates to each column. 

Growth.—On the smallest specimen, 7.6 mm long, the posterior 
notches are very slightly developed and there are no anterior notches. 
The posterior lunule is very small. The first anterior notches occur 
in a specimen 14.2 mm long, where they are only slightly developed. 
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The posterior petals are straight in all the smaller specimens (pl. 14, 
fig. 1), but curve posteriorly in all the specimens over 17 mm long. 
There are no genital pores in any of the specimens less than 20 mm 
long. 
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Fic. 32.—Encope tanuamiensis Mansfield. Height of test relative to length 
of test. ° 


Variation —The posterior lunule is very variable in its outline 
and size. In many of the specimens it is not symmetrical. Genital 
pore 5 is eccentric to the right in most of the specimens. In a popu- 
lation of 25, 23 of the specimens had an eccentric pore and in only 
two was the pore not eccentric. 
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Fic. 33.—Encope tamiamiensis Mansfield, Encope macrophora (Ravenel). 
Distance of apical system from anterior margin relative to the length of the test. 
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Fic. 34.—Encope tamiamiensis Mansfield. Number of pore-pairs in petals 
I or V relative to length of test. 
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Comparison with other species-—E. tamiamiensis is similar to 
Encope macrophora (Ravenel) from the Late Miocene of South 
Carolina. However, in E. tamiamiensis the margin is thinner, the 
lunule is smaller, and the apical system is less anterior (text fig. 33). 
Furthermore, in EF. tamuamiensis the anterior paired petals (II and 
IV) are less curved posteriorly. Both species have the same length- 
width ratio (text fig. 31). 

Occurrence.—Tamiami formation (typical), loc. 9, 10, 11, 14, 15, 
W7/ 1ss, NG), 


Fic. 35.—Encope tamiamiensis Mansfield: Adoral view of U.S.N.M. 648141, 
from the Tamiami formation, loc. 31, X 1. 


Tamiami formation (“Buckingham” facies), loc. 20. 

Tamiami formation (barnacle-echinoid-oyster facies), loc. 26, 27, 
Wisp, (4S). OMe BAe 

Types.—Figured specimens, U.S.N.M. 648137, loc. 27; U.S.N.M. 
648138, loc. 26; U.S.N.M. 648139; loc. 11; U.S.N.M. 648140-1, 
loc. 31. 


MELLITA ACLINENSIS Kier, new species 


Plate 15, figures 1-3; text figures 36-41; tables 3, 4 


Diagnosis.—Species characterized by five ambulacral lunules. 
Material_—Eleven nearly complete specimens and many fragments. 
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Shape.—Smallest specimen 16.5 mm long, largest 73 mm (see 
table 3 for dimensions) ; margin subcircular except for truncated 
posterior margin on some specimens; width approximately equal to 
length; test very low with thin sharp margin; adoral surface flat 
to slightly concave; 5 elongate ambulacral lunules in large specimens, 
lunule in ambulacrum III smaller than others; lunule in posterior 
interambulacrum very elongate, extending far between petals. 

Apical system.—Slightly anterior, distance from anterior margin 
to apical system approximately 45 percent of length of test; large 
madreporite ; four genital pores. 


TABLE 3.—Dimensions of 11 specimens of Mellita aclinensis Kier, new species 


Length of petal 
II 


Length Width Height Ill 
mm Tam mm mm mm mm 
16.5 16.3 2.4 4.0 3.8 4.3 
21.8 22.5 2.7 S66 4.4 6.1 
22.7 23.0 oat Sy// 5.0 6.3 
24.0 23.6 32 5.9 5.4 6.4 
25:7, 25.9 3.3 6.0 515 566 
30.0 S27, 4.0 7.9 7.4 on 
31-7 31.4 4.1 8.5 8.3 8.9 
35.0 37.0 5.0 O12 elt 9.8 
44.0 doe 500 10.5 10.0 12.1 
shi 56.0 5.6 11.2 11.3 15:3 
73.0 


Ambulacra.—Anterior petals II, III, IV lanceolate, straight, 
petal III longer, extending almost two-thirds distance from apical 
system to anterior margin, petals II and IV only halfway to margin ; 
posterior petals V and I longer than anterior petals, not straight but 
curving posteriorly; in all petals poriferous zone equal in width to 
interporiferous; petals almost closed; in specimen 35 mm long, 34 
pore pairs in single poriferous zone of petals IT, III, IV, 47 in petals 
V or I. Adorally, five pairs of food grooves extending from peri- 
stome to near margin (pl. 15, fig. 3); area circumscribed by pair 
of grooves expanding distally with greatest width near lunule, con- 
stricted distal to lunule ; area broad between adjacent pairs of grooves. 
Secondary pores difficult to see in most specimens, apparently con- 
fined to area circumscribed by food grooves. 

Periproct—Opening small, elongate, located at anterior edge of 
lunule. 

Peristome.—Anterior, small, subcircular to pentagonal, food 
grooves bifurcating near peristome. 
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Adoral plate arrangement.—Basicoronal plates small (text fig. 36) ; 
adoral-most plate of interambulacrum 5 considerably larger than 
other basicoronal plates; paired interambulacra separated from basi- 
coronal plates by one pair of ambulacral plates, three postbasicoronal 
plates in each column on adoral surface; first pair of postbasicoronal 
interambulacral plates elongate; posterior interambulacrum in con- 
tact with basicoronal plates; half of periproct within basicoronal in- 
terambulacral plate; first postbasicoronal plate of posterior inter- 
ambulacrum extending length of lunule. 


Fic, 36.—Mellita aclinensis Kier, new species: adoral view of U.S.N.M. 
648192, from the Tamiami formation, loc. 27. 2. 


Aberrant specimen.—In one of the specimens the anterior ambu- 
lacrum (III) is not fully developed (text fig. 37). The plate ar- 
rangement is normal adoral to the tip of the petal, but there are no 
ambulacral plates between the apical system and the tip of this petal. 
Evidently production of ambulacral plates ceased after the first few 
petaloid plates had been formed and the resulting gap was filled by the 
prolongation of the interambulacral plates which would normally be 
adjacent to this ambulacrum. 

Ontogeny.—The ambulacral lunules are not present in the smallest 
specimen, 16.5 mm long (text fig. 38), but there are slight marginal 
notches in ambulacra II and IV and more developed notches in V 
and I. In a specimen 21.8 mm. long (text fig. 39) there are deep 
notches in the paired ambulacra, with the notches in ambulacra II 
and IV almost closed, and in a specimen 24.0 mm long (text fig. 40) 
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there are lunules in all the paired ambulacra. A lunule in ambula- 
crum III is present in a specimen 35.0 mm long (text fig. 41). 

Comparison with other species.—This species is distinguished from 
all the other species of the genus in having in adult specimens five 
instead of four ambulacral lunules. 

Remarks.—Previously all species of the Mellitidae having four 
genital pores and five ambulacral lunules have been referred to 
Leodia. Although this species has five ambulacral lunules, it has all 


Fic. 37.—Mellita aclinensis Kier, new species: Adapical view of abnormal 
specimen U.S.N.M. 648193, from the Tamiami formation, loc. 27, x 3. 


the other characters of Mellita that distinguish this genus from 
Leodia (see table 4). Therefore it seems reasonable to consider 
this a species of Mellita, and to broaden the generic concept of the 
genus to include species having five ambulacral lunules. 

Durham (1961, p. 3) predicted that Mellita would be found in 
the Miocene and Pliocene of the Neotropical region: “In view of 
its occurrence only in the tropical and warm temperate areas of the 
western Atlantic and eastern Pacific, it is evident that Mellita must 
have a fossil record extending back to at least the upper Miocene 
when the Central American seaways were open (Durham and Alli- 
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TABLE 4.—Characters distingmshing Mellita from Leodia 


Mellita 

Four ambulacral lunules 

*Posterior lunule extending far ante- 
riorly between posterior petals 

*Paired interambulacra separated from 
basicoronal row by one pair of 
ambulacral plates 

*Periproct partly within basicoronal 
interambulacral plate 

*First pair of post-basicoronal plates 
in paired interambulacra elongate 

*Lunules formed by closing of mar- 
ginal notches 


Leodia 


*Five ambulacral lunules 


Posterior lunule not extending far an- 
teriorly between posterior petals 

Paired interambulacra separated from 
basicoronal row by two pairs of 
ambulacral plates 

Periproct outside basicoronal plate 


First pair of postbasicoronal plates in 
paired interambulacra short 
Lunules formed by resorption of test 


The characters marked with an asterisk occur in Mellita aclinensis. 


oa ee 


Fics. 38-41.—Mellita aclinensis Kier, new species: Growth series showing 


development of lunules: 


38, U.S.N.M. 648189; 39, U.S.N.M. 648190; 40, 


U.S.N.M. 648191; 41, U.S.N.M. 648136. From the Tamiami formation, loc. 27, 


all X 13. 
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son, 1960 pp. 66-67), permitting migration from the Panamic to the 
Caribbean area or vice versa.” 

Occurrence.—Tamiami formation (barnacle-echinoid-oyster fa- 
cies), loc. 27. 

Types.—Holotype, U.S.N.M. 648136; figured specimens, U.S.N.M. 
648189-648193. 


RHYNCHOLAMPAS AYRESI Kier, new species 


Plate 16, figures 3-6; text figures 43-46 


Diagnosis.—Species characterized by highly inflated adapical sur- 
face, steep sides, smooth marginal outline, narrow naked zone in 
interambulacrum 5, narrow phyllode III. 


42 43 


Fics. 42, 43.—Rhyncholampas evergladensis (Mansfield) : 42, Adoral view of 
U.S.N.M. 648148, from the Tamiami formation, loc. 9; 43, Rhyncholampas ayresi 
Kier, new species: Adoral view of U.S.N.M. 648160, from the Caloosahatchee 
formation, loc. 6. These two drawings show the difference in the width of the 
naked zones in ambulacrum III and interambulacrum 5. 


Material_—T wenty-seven specimens. 

Shape.—Varying in length from 54 to 65 mm, average 63 mm, in 
smaller specimens width approximately 85 percent of length, in larger 
90 percent of length (text fig. 44) with greatest width posterior to 
center (text fig. 43); adapical surface highly inflated with steeply 
sloping sides, height averaging 55 percent of length (text fig. 45) ; 
adoral surface flat or in few specimens slightly depressed around 
peristome. 
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Apical system.—Anierior, four genital pores, compact. 

Ambulacra.—Petals well developed, broad, lanceolate, with great- 
est width one-third distance from apical system to end of petal, all 
petals of approximately equal length, petals II, [TV wider than others, 
petal III narrower, 43 to 45 pore-pairs in posterior zones of petal II 
or IV in specimens 54 to 60 mm long; poriferous zones of unequal 
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Fic. 44.—Rhyncholampas ayresi Kier, new species. Width relative to length 
of test. 


length with one to three more pore-pairs in right poriferous zone 
of petal II, posterior zones of petals II, 1V, and anterior poriferous 
zones of petals V, 1; single pores in ambulacral plates beyond petals. 
Periproct—Supramarginal, wider than high, with slight groove 
extending from opening to posterior margin. 
Peristome.—Anterior, pentagonal, depressed, wider than high. 
Floscelle——Phyllodes well developed, broad (text fig. 46), approxi- 
mately 30 pores in each phyllode, with 10 in each outer series, 4-6 
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irregularly arranged in each inner. Buccal pores present. Bourrelets 
very prominent (pl. 16, fig. 6), pointed. 

Tuberculation.—Tubercles adorally much larger than adapically, 
narrow naked granular zone (text fig. 43) in median area of inter- 
ambulacrum 5 and ambulacrum III adorally. 
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Fic. 45.—Rhyncholampas ayresi Kier, new species. Height relative to length 
of test. 


Compartson.—This species is distinguished from Rhyncholampas 
evergladensis by having more of its adapical surface inflated, by its 
steeper sloping sides, less pointed adapical surface, and less angular 
marginal outline. The adoral surface in FR. ayresi is less depressed, 
the naked zone in interambulacrum 5 is narrower (text fig. 43), 
and phyllode III is narrower. 

Remarks.—The specimens from South Carolina that Cooke (1959, 
pl. 23, figs. 8-14) referred to Cassidulus sabistonensis Kellum seem 
to be intermediate between R. ayresi and R. evergladensis. Further 
study is necessary before these specimens can be definitely assigned. 
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Occurrence.—Caloosahatchee formation, loc. 2, 3, 4, 6. 


Types.—Holotype, U.S.N.M. 648160, loc. 6; figured specimen, 
U.S.N.M. 648161, loc. 6. 
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Fic. 46.—Rhyncholampas ayresi Kier, new species: Floscelle of U.S.N.M. 
648161, from the Caloosahatchee formation, loc. 6, * 5. 


RHYNCHOLAMPAS EVERGLADENSIS (Mansfield) 
Plate 17, figures 1-5; text figures 42, 47-50 
Cassidulus (Rhynchopygus ?) evergladensis Mansfield, 1932, U. S. Geol. Surv. 
Prof. Paper 170, p. 48, pl. 18, figs. 1-10. 
Cassidulus (Cassidulus) evergladensis Mansfield. Cooke, 1942, Journ. Paleont. 
vol. 16, no. 1, p. 30, pl. 8, figs. 5, 6. 


Cassidulus sabistonensis Cooke, 1959, U. S. Geol. Surv. Prof. Paper 321, p. 57 
(in part) ; not Cassidulus sabistonensis Kellum. 


Diagnosis—Species characterized by angular marginal outline, 
gently sloping sides, depressed adoral surface, wide naked zone in 
interambulacrum 5, and wide phyllode III. 

Material_—One hundred and one specimens. 

Shape.—Large, varying from 35 to 97 mm in length; width fairly 
constant, usually approximately 83 per cent of length (text fig. 47) ; 
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greatest width at midlength or posterior to midlength ; margin usually 
slightly angular but in some specimens smooth, anterior, posterior 
slightly truncated; heights variable, some specimens considerably 
higher than others with height varying from 44 to 58 percent of the 
height, larger specimens usually slightly lower than smaller (text 
fig. 48) ; greatest height central to slightly anterior, usually at apical 
system; sides gently curving, in some specimens curving sharply at 
margin; adoral surface concave. 


o 
(2) 
. 


a 
Oo 


ro} 


3 


10 20 30 


40 50 600 70 80 90 100 
LENGTH IN MILLIMETERS 


Fic. 47.—Rhyncholampas evergladensis (Mansfield). Width of the test rela- 
tive to the length. 


Apical system.—Anterior, four genital pores, compact (pl. 17, 
fig. 3). 

Ambulacra.—Petals well developed, broad, with greatest width 
one-third distance from apical system to end of petal, petals of ap- 
proximately equal length, petals II, IV wider than other petals, petal 
III narrower ; poriferous zones of unequal length, one to three more 
pore-pairs in right poriferous zones of petal III, posterior poriferous 
zones of petals II, IV, anterior poriferous zones of petals V, I; num- 
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ber of pores variable, specimens 80 mm long having from 44 to 53 
pore-pairs in posterior poriferous zone of petal II or IV; fewer 
pores in smaller specimens with 37 pore-pairs in posterior porifer- 
ous zone of petal II of specimen 35 mm long, very few pore-pairs 
added in specimens over 70 mm long (text fig. 49) ; single pores in 
ambulacral plates beyond petals. 

Periproct.—Supermarginal, wider than high, shallow grove extend- 
ing from opening to posterior margin. 
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Fic. 48.—Rhyncholampas evergladensis (Mansfield). Height of the test rela- 
tive to the length. 


Peristome.—Anterior, pentagonal, depressed, wider than high. 

Floscelle——Phyllodes well developed, broad (text fig. 50), approxi- 
mately 34-37 pores in each phyllode, 11 or 12 in each outer series, 
5-7 irregularly arranged in each inner series; approximately same 
number in smallest specimen preserving phyllode (40 mm long) as 
in largest (90 mm long). Buccal pores present. Bourrelets very 
prominent, pointed. 

Tuberculation.—Tubercles adorally much larger than adapically, 
naked granular zone in median area of interambulacrum V and 
ambulacrum III adorally. 

Comparison with other species——This species is distinguished from 
R. ayresi Kier by its more pointed adapical surface, more gently 
sloping sides, and more angular marginal outline. Its adoral surface 
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Fic. 49.—Rhyncholampas evergladensis (Mansfield). Number of pore-pairs 

in posterior zones of petals II or IV relative to length of test. 
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Fic. 50.—Rhyncholampas evergladensis (Mansfield): Floscelle of U.S.N.M. 
648148, from the Tamiami formation, loc. 9, & 5. 
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is more depressed, the naked zone in interambulacrum 5 is wider 
(text fig. 42), and phyllode III is wider. 

R. evergladensis is similar in many of its characters to R. pacificus 
(A. Agassiz), a species living off the west coast of the United 
States, but is distinguished by its wider petals and more steeply slop- 
ing posterior margin. 

R. evergladensts is distinguished from Rhyncholampas sabistonen- 
sis (Kellum) by its higher and narrower test. Cooke (1959, p. 57) 
considered the two species synonyms. 

Occurrence.—Tamiami formation (typical), loc. 9, 11, 13, 15, 16, 
lis, LS) 

Tamiami formation (barnacle-echinoid-oyster facies), loc. 26, 27. 

Types.—Lectotype, herein designated, U.S.N.M. 37329 (Mans- 
field, 1932, pl. 18, figs. 1-3), U.S.G.S. 11177; figured specimens, 
U.S.N.M. 648145-9, loc. 9. 


AGASSIZIA PORIFERA (Ravenel) 
Plate 16, figures 1-2; Plate 18, figures 1-5; text figures 51-58 


Brissopsis poriferus Ravenel, 1848, Echinidae, Recent and fossil, of South Caro- 
lina, p. 4, figs. 5, 6. 

Agassizia porifera (Ravenel). McCrady, in Tuomey and Holmes, 1857, Pleio- 
cene fossils of South Carolina, p. 5, pl. 1, figs. 5-5b; pl. 2, figs. 4, 4a. 

Agassizia porifera (Ravenel). Cooke, 1942, Journ. Paleont., v. 16, no. 1, p. 45. 

Agassizia porifera (Ravenel). Cooke, 1959, U. S. Geol. Surv. Prof. Paper 321, 
pp. 74-75, pl. 31, figs. 1-8. 


Diagnosis.—Species characterized by large inflated test. 

Material_—Thirty-seven specimens. 

Shape.—Large, largest specimen 79 mm long, 76 mm wide, 64 mm 
high; broad (text fig. 57), with greatest width at center or slightfy 
posterior; moderately to highly inflated, height varying from 69 to 
90 percent of length (text fig. 58), with highest point anterior of 
center slightly posterior of apical system; marginal outline angular 
with slight anterior, posterior truncation; adoral surface moderately 
inflated, in some specimens keel developed in midline of interam- 
bulacrum 5. 

Apical system.—Anterior, ethmolytic (text fig. 56), madreporite 
extending posteriorly, sutures between genital plates not visible. 

Ambulacra.—Ambulacrum III not petaloid, in very slight groove 
not extending to margin; anterior paired petals, II, IV, narrow, de- 
pressed in groove, long, when viewed from above extending almost 
to margin, when viewed from side extending midway from top to 
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bottom of specimen; anterior poriferous zones slightly developed, 
(pl. 18, fig. 5; text fig. 54) pore-pairs minute, 34 in posterior 
poriferous zone of specimen 79 mm long, 31 in specimen 49 mm 
long ; petal straight, or curved anteriorly or posteriorly distally ; pos- 
terior petals V, I depressed in groove, short, extending slightly more 
than half distance to margin, interporiferous zones very narrow, pores 
strongly conjugate, 23 pore-pairs in poriferous zone of specimen 
49 mm long, 30 in specimen 79 mm long. 

Periproct—Transverse, situated high on posterior truncation. 

Peristome.—Very eccentric anteriorly, transverse, with well-de- 
veloped lip. 

Fascioles—Peripetalous fasciole at anterior very low, below mar- 
gin, not visible adapically, passing around petals II, IV below ends 
of petals, curving adapically very abruptly posterior to these petals, 
extending toward apical system, then abruptly turning posteriorly 
(text figs. 51-53), passing around end of petals V, I, then curving 
anteriorly forming pronounced lobe, convex toward apical system, 
in some specimens. Lateroanal fasciole originates from peripetalous 
fasciole just posterior to petals II, IV, extending posteriorly slightly 
adapical to margin in interambulacra 4, 1, passing adorally near 
periproct, then forming distinct deep sulcus immediately adoral to 
periproct; this sulcus a consistent character in species, occurring in 
all 23 specimens in which this area visible. 

Phyllodes.—Phyllodes well developed, broad (text fig. 55), 4 or 
5 pores in phyllode III, 7 or 8 in phyllodes II or IV, 5 or 6 in phyl- 
lodes V or I; numbers and position of pores quite consistent in all 
specimens. 

Remarks.—The Florida specimens are clearly conspecific with 
those described and illustrated by Cooke (1959, p. 74, pl. 31, figs. 
1-8) from South Carolina. On first impression they do not appear 
to be conspectific with Ravenel’s holotype as figured by McCrady 
(in Tuomey and Holmes, 1857, pl. 1, figs. 5-5b). Most of the 
Florida specimens are larger and more inflated, but one specimen 
(pl. 18, figs. 3, 4) is approximately the same size as the holotype 
and can not be distinguished specifically. As shown in a height to 
length graph (text fig. 58), there is a disproportionate increase in 
height relative to length in the larger specimens. 

The specimen figured by Clark and Twitchell (1915, pl. 97, figs. 
la-d) does not appear to belong to this species. I have studied this 
specimen from the American Museum of Natural History. As it 
is slightly crushed, its original shape is not certain, but it appears to 
have been considerably higher than A. porifera. 
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Fics. 51-56.—(See opposite page for legend.) 
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Fic. 57.—Agassizia porifera (Ravenel). Width of test relative to length. 


Occurrence.—Florida, Caloosahatchee formation, loc. 2, 6. South 
Carolina, The Grove, Cooper River; U.S.G.S. 18759, Intracoastal 
Waterway canal in Horry County 1 to 15 miles southwest of the 
bridge on U.S. Highway 17 near Nixons Crossroads, about 5 miles 
southwest of Little River. 


Types.—Location of holotype not known; figured specimens, 
U.S.N.M. 562462, U.S.G.S. 18759, 648154-9, loc. 6. 


Fics. 51-56.—Agassizia porifera (Ravenel): 51-53, Adapical, right side, pos- 


terior of U.S.N.M. 648157, from the Caloosahatchee formation, loc. 6, showing 
position of fascioles, & 0.6; 54, portion of ambulacrum IV of U.S.N.M. 648154, 
from the Caloosahatchee formation, loc. 6, showing the slightly developed ante- 
rior poriferous zone, X 13; 55, peristomal region of U.S.N.M. 648158, from the 
Caloosahatchee formation, loc. 6, * 2; 56, apical system of U.S.N.M. 648159, 
from the Caloosahatchee formation, loc. 6, & 11. 
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Fic. 58.—Agassizia porifera (Ravenel). Height of test relative to length. 


ECHINOCARDIUM GOTHICUM (Ravenel) ? 
Plate 11, figure 4 


Remarks.—There are 29 fragments that appear to belong to this 
species of Ravenel (1848, p. 4). The petal arrangement and fascioles 
are identical to Cooke’s (1959, pl. 33, figs. 7-10) figured specimens. 
Without having any complete specimens it is not possible to know the 
shape of the test, and these fragments can be referred only provi- 
sionally to this species. 

Occurrence—Tamiami formation (barnacle-echinoid-oyster facies), 
loc. 26, 32. 

Figured specimen.—U.S.N.M. 648144, loc. 32. 
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EXPLANATION OF PLATES 


PLATE 1 


Arbacia (crenulata. Wier, new, SPECIES. cecil ieee eich oe eka 
1, 2, 3, Adapical, adoral, and side view of holotype, U.S.N.M. 
648133, from the “Buckingham facies” of the Tamiami formation, 
loc. 20. 
4, Enlarged view of portion of peristome of same specimen, X 2. 
5, Enlarged view showing ornamentation in interambulacrum of 
same specimen, X 2. 
Arbacia improcera, (Conrad) ees. 4s een ae eee ee eee Cece 
6, Enlarged view showing ornamentation in interambulacrum of 
U.S.N.M. 166487 from the Yorktown formation on Smith Creek 
4 mile below Suffolk, Va., waterworks dam, x 2. 


PLATE 2 


Lytechinus variegatus plurituberculatus Kier, new subspecies........... 
1, Adapical view of holotype, U.S.N.M. 648149, from the Caloosa- 
hatchee formation, loc. 6, * 14. Adoral view of same specimen on 
pl. 9, fig. 1, side view pl. 10, fig. 4. 
2, View of ambulacrum at ambitus of same specimen figured in pl. 1, 
fig. 1, & 4. 
Lytechinus variegatus variegatus (Leske)............-c0c0-+soccnerses 
3, View of ambulacrum at ambitus of U.S.N.M. 648151 from the 
Recent at Boca Inlet, Fla., x 4. 


PLATE 3 


Lytechinus variegatus plurituberculatus Kier, new subspecies........... 
1, Adoral view of holotype figured in pl. 8, fig. 1, & 14. 
Echinometramuicuniern(linnaeds) aero eae secre ore nie eerie 
2, View of a fragment, U.S.N.M. 648152, from the Caloosahatchee 
formation, loc. 6, X 2.3. 
Clypeaster sunnilandensis Kier, new SpecieS............eeeeeeeeceeeees 
3, Right side view of U.S.N.M. 648134 from the Tamiami forma- 
tion, loc. 9, 1. Adoral view of same specimen pl. 3. 


PLATE 4 


Echinometra ‘hicinters((imnaeus)). sn) ee cee eee eee 
1, 2, 3, Adoral, adapical, and side view of U.S.N.M. 648153 from 
the Caloosahatchee formation, loc. 6, * 14. 
Lytechinus variegatus plurituberculatus Kier, new subspecies........... 
4, Side of holotype figured on pl. 8, fig. 1, 2; pl. 2, fig. 1, & 14. 
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PLATE 5 
Encope michelini imperforata Kier, new subspecies..............220++5 


1, Adapical view of holotype, U.S.N.M. 648167, from the Caloosa- 
hatchee formation, loc. 2, * 1. 
Gin peastermprostratus: | CRAVENEL)\1. <5) osrees ive cle salaicie cls ole7e)», 0.0410 0.0/0 210 0-000 
2, Interior view of basicoronal plates (U.S.N.M. 648173) from 
the Recent specimen from the Gulf of Mexico, lat. 29° 10’N., long. 
85° 31’W., Albatross station 2375, * 4. 
3, Lantern from hexamerous variant from same locality, * 2. 


PLATE 6 


Gli Peastermpnostralws)\ (IRAVeMNel))) ci. 5. o0\s e\eieie.c sieieieicie wre cre eecieiee ie ose « 
1, 2, Adapical, adoral view of hexamerous variant (U.S.N.M. 
648174) from the Recent from the Gulf of Mexico, lat. 29° 10’N., 
long. 85° 31'W., Albatross station 2375, & 1. 
Encope michelini imperforata Kier, new subspecies..............eec cece 
3, 4, Adoral and left side of U.S.N.M. 648168 from the Caloosa- 
hatchee formation, loc. 6, 1. 


Gly peastera ProsirGiusin QINAVEMEL)) 4 cy. iors opsrsyens cue ic: sks) sreecteys e.e levevalerel syersitusiateleher te 
1, 2, 3, Adapical, right side, adoral views of U.S.N.M. 648175 from 
the Recent specimen from the Gulf of Mexico, lat. 29° 10’N., long. 
85° 31’W., Albatross station 2375, * 1. 
4, Apical system of same specimen, X 10. 


PLATE 8 


Gly peasterasubdepressts) /CGiray,)) «j.s.e.c.s 0011s: sie!s\ 9, 4/51 +'0.01 ote 0 0r0)e ei sieie 9: dicrna ec 
Adapical view of U.S.N.M. 648162 from the Caloosahatchee forma- 
tion, loc. 3, slightly reduced. Adoral view on pl. 14. 


PLATE 9 


Clypeaster subdepressus (Gray)..........0ee0es be STI A AM Nim tee, 
Adoral view of same specimen in pl. 8. 


PLATE 10 


Glypeastertrosacewsudallya@iwatchelll)\; oy. //ocs sos cortices sen cies cele As 
Adapical view of U.S.N.M. 648163 from post-Caloosahatchee but 
pre-Fort Thompson beds at loc. 1, X 1. 


PLaTeE 11 


Clupeastercrassws Wier, Mew) SPECIES a... iiejala cle e alel <tarotopelejn sjeleleia sicieioe ale ole 

1, 2, Adapical, right side of holotype, U.S.N.M. 648142, from the 
Tamiami formation, loc. 9, * 1. 

3, Adoral view of U.S.N.M. 648143 from the Tamiami formation, 


loc. 9, X 3. 


61 


Page 


33 


20 


20 


33 


20 


25 


25 


26 


30 


62 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL, 


4, Fragment of test, U.S.N.M. 648144, from the Tamiami formation, 
loc. 32, X 1. 


PLATE 12 


Clypeaster sunmilandensis’ Kaer, new Species; )--+ +. 234.057 e eee oe 
Adapical view of holotype, U.S.N.M. 648135, from the Tamiami 
formation, loc. 9, X 1. 


PLate 13 


Clypeaster sunnilandensis Kier, new SpeciesS.........0eccceeecccccereccs 
Adoral view of U.S.N.M. 648134 from the Tamiami formation, 
loc. 9, X 1. Side view of same specimen pl. 9, fig. 3. 


Pate 14 


Encope tamianiensis. Mansheldecsaanaere tee ee eneiene ca eeance cee 

1, Adapical view of U.S.N.M. 648137 from the Tamiami formation, 
Loe! 27d: 

2, Adapical view of U.S.N.M. 648138 from the Tamiami formation, 
log 2Gr <2: 

3, 4, Adapical, adoral view of U.S.N.M. 648139 from the Tamiami 
formation, loc. 11, < 1. 

5, Apical system of same specimen in fig. 3, X 3. 

6, Peristomal region in U.S.N.M. 648140 from the Tamiami forma- 
tion, loc. 31, * 4 (approx.). 


Piate 15 


Methta aclinensts) Kier: new, Species. ened occas scien nies eee once 
1, 2, 3, Adapical, right side, adoral view of holotype U.S.N.M. 
648136 from the Tamiami formation, loc. 27, < 2. 


PLATE 16 


Agassizia portjera, CRavenel)iencc..o5 cacao eeeee Ree ee 
1, Side view of U.S.N.M. 648156 from the Caloosahatchee forma- 
tion, loc. 6, < 1. 
2, Posterior view of same specimen figured on pl. 11, figs. 3, 4, x 1. 
Rhyncholampas ayres: Wier, new species... 0. + .-.s2cee sees sess ede cess 
3, Adapical view of holotype, U.S.N.M. 648160, from the Caloosa- 
hatchee formation, loc. 6, < 1. 
4, Adoral view of U.S.N.M. 648161 from the Caloosahatchee forma- 
tion, loc. 6, X 1. 
5, Right side of holotype, x 1. 
6, View of peristome of specimen in fig. 4, X 1. 
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Pate 17 
Page 
Rhyncholampas evergladensis (Mansfield)..........cseescccccsecceces 48 
1, Adapical view of U.S.N.M. 648145 from the Tamiami formation, 
loc. 9, X 1. 
2, Right side view of U.S.N.M. 648146 from the Tamiami forma- 
tion, loc. 9, & 1. 
3, Apical system of U.S.N.M. 648147 from the Tamiami formation, 
loc. 9, X 7. 
4, Floscelle of U.S.N.M. 648148 from the Tamiami formation, 
loc. 9, X 4. 
5, Adoral view of same specimen in fig. 4, & 1. 
PiateE 18 
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1, 2, Adapical, adoral view of U.S.N.M. 648154 from the Caloosa- 
hatchee formation, loc. 6, * 1. 

3, 4, Adapical, left side of U.S.N.M. 648155 from the Caloosahatchee 
formation, loc. 6, X 1. Posterior view of same specimen on pl. 12, 
figei2. 

5, View of petal IV of same specimen in fig. 1, * 5. 
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1-5, ARBACIA CRENULATA KIER, NEW SPECIES; 6, ARBACIA IMPROCERA (CONRAD) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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1-2, LYTECHINUS VARIEGATUS PLURITUBERCULATUS KIER, NEW SUBSPECIES 
3, LYTECHINUS VARIEGATUS VARIEGATUS (LESKE) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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1, LYTECHINUS VARIEGATUS PLURITUBERCULATUS KIER, NEW SPECIES; 
2, ECHINOMETRA LUCUNTER (LINNAEUS); 3, CLYPEASTER SUNNILANDENSIS 
KIER, NEW SPECIES 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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4, LYTECHINUS VARIEGATUS 


PLURITUBERCULATUS KIER, NEW SUBSPECIES 
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1-3, ECHINOMETRA LUCUNTER (LINNAEUS) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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2-3, CLYPEASTER 


1, ENCOPE MICHELINI IMPERFORATA KIER, NEW SUBSPECIES 


PROSTRATUS (RAVENEL) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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1-2, CLYPEASTER PROSTRATUS (RAVENEL); 3-4, ENCOPE MICHELINI 
IMPERFORATA KIER, NEW SUBSPECIES 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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CLYPEASTER PROSTRATUS (RAVENEL) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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CLYPEASTER SUBDEPRESSUS (GRAY) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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CLYPEASTER ROSACEUS DALLI (TWITCHELL) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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1-3, CLYPEASTER CRASSUS KIER, NEW SPECIES 


GOTHICUM (RAVENEL)? 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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CLYPEASTER SUNNILANDENSIS KIER, NEW SPECIES 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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CLYPEASTER SUNNILANDENSIS KIER, NEW SPECIES 
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ENCOPE TAMIAMIENSIS MANSFIELD 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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MELLITA ACLINENSIS KIER, NEW SPECIES 
(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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1-2, AGASSIZIA PORIFERA (RAVENEL); 3-6, RHYNCHOLAMPAS AYRESI KIER, 
NEW SPECIES 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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RHYNCHOLAMPAS EVERGLADENSIS (MANSFIELD) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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AGASSIZIA PORIFERA (RAVENEL) 
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ADDITIONS TO RECORDS OF BIRDS KNOWN 
FROM THE REPUBLIC OF PANAMA 


By ALEXANDER WETMORE 
Research Associate, Smithsonian Institution 


THE notes that follow, pertaining to recent studies on avian collec- 
tions made in Panama, include descriptions of two species and two 
geographic races not known previously. The two named from 
Darién are based on specimens received from the Gorgas Memorial 
Laboratory in Panama and derive from recent field work directed 
by Dr. Pedro Galindo. Included with these are further records of 
birds from the little-known island of Escudo de Veraguas, located 
18 kilometers at sea off the base of the Valiente Peninsula, Bocas del 
Toro, and report of two North American migrants not found 
previously in the republic. 


I, ADDITIONAL RECORDS FROM ISLA ESCUDO DE 
VERAGUAS, WITH DESCRIPTION OF A NEW 
SPECIES OF HUMMINGBIRD 


In the course of a visit to Isla Escudo de Veraguas early in 
March 1958, I collected a thick-spined rat (genus Hoplomys), the 
first island record for this group, and a race that proved to be new 
to science (Handley, 1959, pp. 9-10). Following its description, 
Dr. C. O. Handley, Jr., of the U. S. National Museum, through 
cooperation of the U. S. Army, came to the island in 1962 and lived 
there in a shore camp from March 20 to 24. In addition to a series 
of the rat, and many bats, he preserved in formalin a number of birds 
caught in mist nets, and prepared a few others, shot for specimens, 
as study skins. The 41 birds collected have added considerably to 
earlier information on the avifauna, available from my own brief 
visit four years earlier (Wetmore, 1959, pp. 1-27). 

Migrants recorded by Dr. Handley include several that had not 
been listed from the island previously. A belted kingfisher, taken 
March 21, is the eastern subspecies Megaceryle alcyon alcyon. 
Several eastern wood peewees (Contopus virens) were present and 
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in song on March 23, when one was taken for a skin. Several small 
groups of barn swallows passed on this same day, moving toward 
the north. On March 21 single purple martins were reported at 
intervals during the day in northward flight off shore. One was 
recorded on March 19 on the airstrip at Fort Sherman, Canal Zone, 
and another was observed March 20 at sea about 15 kilometers off the 
mouth of Rio Belén, on the boundary between the provinces of 
Colon and Veraguas. Swainson’s thrushes (Hylocichla usiulata), 
taken March 21 and 24, and a red-eyed vireo (Vireo olivaceus), on 
March 23, are identified to species only, as they were placed in 
formalin. Other migrants, all in formalin, include the black-and- 
white warbler (Mmniotilta varia), on March 22, and the prothonotary 
warbler (Protonotaria citrea), worm-eating warbler (Helmitheros 
vermivorus), ovenbird (Seiurus aurocapillus), and northern water- 
thrush (Seturus noveboracensis), taken on March 21. A male 
summer tanager (Piranga rubra rubra) in full breeding plumage, 
prepared as a skin, was collected March 21, and another was re- 
corded on the day following. 

An immature yellow-crowned night heron, another addition to the 
island list, appears to be the resident race of Panama, Nyctanassa 
violacea caliginis, while a single green heron (Butorides virescens), 
seen March 20 and 21, was believed to be a migrant. A pair of 
pygmy kingfishers (Chloroceryle aenea aenea) caught in mist nets 
set up near the lagoon March 24, form an interesting addition to 
the island residents. Men with me in 1958, and those with Handley, 
saw a small rail that was not collected, but from the description it 
may have been the white-throated rail (Laterallus albigularis) which 
is common on the mainland. George Barratt, with Handley, also 
reported a night bird with batlike flight that probably was a species 
of goatsucker. 

Specimens in formalin of the endemic races of the manakin, 
Manacus vitellinus amitinus, bay wren, Thryothorus nigricapillus 
odicus, and blue-gray tanager, Thraupis virens caesitia, all show 
clearly the decidedly larger size of the first two, and the heavier bill 
found in the tanager when compared to birds of the adjacent main- 
land. The same character of larger dimension is present in the 
island form of the thick-spined rat, described by Dr. Handley, and is 
in much greater evidence in the hummingbird, whose description 
follows. 


a 


No. 6 RECORDS OF BIRDS FROM PANAMA—WETMORE 3 


AMAZILIA HANDLEYI, new species 


Characters——In general appearance similar to Amazilia tzacatl 
tgacatl * but much larger, and darker in color; bill decidedly heavier ; 
feet larger; brown of tail, upper and under tail coverts, and lores, 
darker; back and wing coverts decidedly darker and duller. 

Description—tType, ¢ ad., U. S. Nat. Mus. 477282, from Isla 
Escudo de Veraguas, collected March 22, 1962, by C. O. Handley, 
Jr., and F. M. Greenwell (orig. no. 1188). Crown, hindneck, back, 
and wing coverts (except the primary coverts) deep green, with a 
sheen of dull bronze that changes on lower back and rump to a 
darker shade with an iridescence of dull russet; upper tail coverts 
liver brown; tail chocolate, edged and tipped with dull black; pri- 
maries, secondaries, and primary coverts dull black with a faint 
sheen of violet; a narrow line of chocolate on the lores; foreneck, 
sides of neck, upper breast, and sides clear bright green, with some 
of the throat feathers edged narrowly with dull white; a small tuft 
of white feathers on the upper line of the sides near center; lower 
breast and upper abdomen hair brown; lower abdomen and tibial 
tufts white; under tail coverts walnut brown; edge of wing lined 
narrowly with chocolate. Tips and sides of maxilla and tip of 
mandible dull black; rest of bill dull reddish brown; bare lower 
end of tarsus, toes, and claws dull black. (From dried skin.) 

Measurements.—Males (4 specimens), wing 67.5-68.7 (68.1), 
tail 40.0-41.5 (40.6), culmen from base 24.4-27.6 (24.5) mm. 

Female (one specimen), wing 67.1, tail 41.1, culmen from base 
25.8 mm. 

Type, male, wing 67.5, tail 40.0, culmen from base 27.6 mm. 

Range.—Confined to Isla Escudo de Veraguas, off the base of 
Peninsula Valiente, Bocas del Toro, Panama. 

Remarks.—During my visit to Escudo de Veraguas early in 
March 1958 I had brief glimpses of hummingbirds at flowers among 
low bushes back of the beach, but none came sufficiently near to 
allow me to shoot any for specimens. As they turned in flight I had 
brief glimpses of brown in the tail as in Rieffer’s hummingbird 
(Amazilia t. tzacatl) common on the mainland, and these Escudo 
birds were so identified and recorded (Wetmore, 1959, p. 6). During 
the work of Dr. Handley five were captured in mist nets set for bats, 
and with these in hand it was obvious immediately that while they 


1Trochilus Tzacatl De la Llave, Registro Trimestre, vol. 2, no. 5, Jan. 1833, 
p. 48. (México.) 
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resembled Rieffer’s hummingbird in color pattern, they were so 
much larger, especially in bulk of body and total length, and also 
so much darker colored, that they were examples of an unknown 
form. From careful examination the differences are of such a nature 
that they must be considered as representative of a distinct species. 
This is named for Charles O. Handley, Jr., in recognition of his 
continuing interest in the avifauna during his field work concerned 
with the mammals of Panama. 

The five birds taken by Dr. Handley were preserved in formalin 
and were prepared as skins by Mrs. Roxie Laybourne on their arrival 
at the U. S. National Museum. Their much greater size was obvious, 
but to make certain that the color differences were not due to the 
preservative I placed a recently taken study skin of Amazilia tzacatl 
tzacatl in the same fluid in which the hummingbirds from Isla 
Escudo de Veraguas had been received. When dried after a month 
of such immersion this specimen showed no change of any kind. 
It is interesting to record that in this skin, and in the larger relative 
here described, the feathers along the side of the neck when wet 
were metallic reddish purple, a color that disappeared completely as 
the specimens dried. 

Amazilia tzacatl as a species maintains uniform size, within the 
usual limits of individual variation, throughout a vast area from 
eastern México, Central America, and Colombia to western Ecuador 
and western Venezuela. The only variation apparent is in a bufiy 
wash on the abdomen in that part of the population found in south- 
western Colombia and Ecuador on which birds of that section are 
separated as a geographic race under the name A. ¢t. jucunda. It has 
been noted above that the bird of Isla Escudo de Veraguas com- 
pared with tzacatl differs in decidedly darker coloration and in much 
larger size. It is clearly evident that the island group is of a stock 
similar to that of the mainland, so that on first consideration it 
would appear that they should be related as subspecies. The color 
differences, while considerable, would not militate against this. But 
the size difference in terms of bulk of body of the island bird is 
so much greater—over 50 percent more than that of the mainland 
group—with its complete isolation, make it reasonable to regard 
handleyi as a separate species. 

As stated in my earlier paper (Wetmore, 1959, pp. 3-4) it is 
probable that the island had connection with the mainland during the 
fluctuations in sea level of Pleistocene time so that the present 
inhabitants among birds and mammals may have come to it during 
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such periods. It is interesting that the hummingbird, the manakin, 
the wren, and the rat all differ from present-day mainland relatives 
in definitely greater size. In the tanager this distinction is also evident 
but is restricted to the bill. Perhaps this species has come to the 
island more recently than the others. 


II. DESCRIPTIONS OF A WOOD-QUAIL AND A TYRANT 
FLYCATCHER FROM THE SERRANIA DEL DARIEN 


During part of June and July 1963, the Gorgas Memorial Labora- 
tory, under arrangements directed by Dr. Pedro Galindo, established 
three camps in the Serrania del Darién, in the vicinity of Cerro 
Tacarcuna, to serve as bases for the investigation of this little-known 
area. The birds collected included specimens of a beautiful wood- 
quail, related to Andean mountain forms to the south but unlike any 
of those known, and a flycatcher of a South American species not 
recorded before from Panama. Descriptions of these follow. 


Family PHASIANIDAE 


ODONTOPHORUS DIALEUCOS, new species 


Characters.—Generally similar to Odontophorus strophium (Gould)? 
but with crown black; back and scapulars without white shaft lines ; 
entire upper surface olive, with rufous only as a band on the hindneck ; 
foreneck similar in the two white bands above and below, with the 
space between mixed black and dull rufous; rest of lower surface 
olive rather than rufous and cinnamon, without shaft lines or a black 
collar below the lower white band; breast, sides, and flanks dull olive- 
buff, finely barred and mottled with slaty black. 

Description—tType, 6, U.S. Nat. Mus. 483327, from 1,450 meters 
elevation, 64 kilometers west of the summit of Cerro Mali, Darién, 
Panama, taken June 7, 1963, by Pedro Galindo (orig. no., Gorgas 
Mem. Lab. 4-00384) : Crown black with slight, partly concealed mot- 
tling of dull rufous, and tiny spots of white ; a prominent white super- 
ciliary streak that extends back of the eye; a band of hazel mottled 
and lined with sooty black on the hindneck that laterally becomes 
cinnamon-buff as it extends around to meet the posterior end of the 
white superciliary ; back, rump, and upper tail coverts brownish olive, 
finely barred and mottled with sooty black, with scattered faint spots 
and indistinct bars of cinnamon; wing coverts, inner secondaries, and 


2 Ortyx (Odontophorus) strophium Gould, Proc. Zool. Soc. London, vol. 11, 
1843 (March, 1944), p. 134. (Bogota, Colombia.) 
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tertials snuff brown, barred and spotted finely with sooty black, and 
lined and spotted sparingly with small, irregular marks of buffy white; 
tertials with heavy, irregular markings of black, inner secondaries 
barred broadly with black ; primaries fuscous, finely mottled with dull 
cinnamon-buff on outer webs; a band of white across the upper fore- 
neck extending at either side over the malar region beneath the eye, 
and on the lower eyelid; a broad band of black mixed with Mars 
brown and russet extending between the two white bands from the 
lower cheeks across the middle foreneck and upper throat, changing 
to dull black over the ear coverts; a broad band of white across the 
lower foreneck ; rest of lower surface dull buffy brown to tawny-olive, 
heavily mottled with sooty black, spotted sparingly and indistinctly 
with buffy white, becoming Saccardo’s umber, with slightly heavier 
markings of black and cinnamon-buff on the flanks and under tail 
coverts ; under wing coverts fuscous, sparingly and indistinctly spotted 
with dull Saccardo’s umber. Bill, tarsi, and toes black (in dried skin). 

Measurements——Male (type), wing 129.5, tail 44.3, culmen from 
base 19.8, tarsus 45.2 mm. 

Female, wing 131.0, tail 46.7, culmen from base 19.6, tarsus 47.5 
mm. 

Remarks.—The male and female from which this bird is described 
were taken together. The adult female is very slightly browner than 
the male. This specimen has the lores and the superciliary area black 
like the crown, with only a fine spotting of white. The chin also seems 
to have had the white band considerably reduced by black (though 
this can not be ascertained clearly as some of the feathers of this area 
are missing.) The line of the culmen and the tip of the maxilla in this 
bird are partly brown. 

The discovery of this beautiful wood-quail, isolated in the higher 
levels of the Serrania del Darién, adds another form to populations 
of this genus with prominent markings of white on the head and neck. 
It is most like Odontophorus strophium of the Bogota region of Co- 
lombia, which has the foreneck similar, with a black center bordered 
broadly with white above and below. This species differs, however, 
in the presence of a narrow black collar on the neck below the border 
of the lower white band. Also sirophium is rufous and cinnamon on 
the breast and sides, with prominent white shaft lines and spots, has 
the crown fuscous-brown, and the whole upper surface rufescent 
rather than olive, with heavier, more prominent markings. Odonto- 
phorus columbianus (Gould) of the subtropical zone of the moun- 
tains of northern Venezuela in general resembles strophium but has 
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the entire foreneck white above the narrow basal black collar. Also it 
is spotted along the sides with black, and heavily with white on the 
breast. Odontophorus parambae Rothschild, found in the tropical zone 
from west-central Colombia south to Ecuador, has a single white band 
across the lower area of the black foreneck. Odontophorus leucolae- 
mus, more remote, in Costa Rica and western Panama, has the entire 
upper foreneck white, with the lower area and upper breast jet black. 
And finally there may be noted Odontophorus atrifrons of the Andes 
of northern Colombia and O. erythrops melanotis found on Cerro 
Pirre and Cerro Azul in Panama, in which the foreneck is solid black. 

All these are similar in size, form, and, so far as known, in habits, 
so that it is reasonable to postulate common ancestry. Their present- 
day differences in pattern of markings, coupled with variations in color, 
may unite them in a super species, but these distinctions appear so 
fixed and so definite that to group them as subspecies under one specific 
name would conceal their interesting divergences. 

The name for the species here described is from the Greek dialeukos, 
marked with white. 


Family TyRANNIDAE 
ELAENIA CANICEPS ABSITA, new subspecies 


Characters.—Male, similar to that of Elaenia caniceps parambae 
(Hellmayr)* but lighter, clearer gray above and across the breast; 
whiter on throat and abdomen; partly concealed white area of center 
of crown larger ; white edgings on lesser wing coverts more extensive. 
Female, with pileum darker gray (around the white center) ; breast, 
sides, and abdomen decidedly paler, less deeply yellow. 

Description —tType, 3, U.S. Nat. Mus. 483342, from the old Tacar- 
cuna Village site, headwaters of the Rio Pucro, 950 meters elevation, 
on the base of Cerro Mali, Serrania del Darién, collected by Pedro 
Galindo, July 4, 1963 (orig. no., Gorgas Mem. Lab. 3-00329). Crown 
deep neutral gray, with an extensive, partly concealed central area in 
which the basal two-thirds of each feather is pure white; a narrow 
line of grayish white across forehead and upper edge of lores; back, 
rump, and upper tail coverts neutral gray ; wings black, with the wing 
coverts tipped, and the inner primaries, secondaries, and tertials 
broadly edged with white; tail feathers mouse gray edged with neu- 
tral gray, mainly toward base, and tipped narrowly with grayish white ; 


3 Serpophaga parambae Hellmayr, Bull. Brit. Orn. Club, vol. 14, Feb. 27, 
1904, p. 54. (Paramba, elevation 3,500 feet, Provincia de Esmeraldas, Ecuador.) 
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a very narrow line of white on the edge of both eyelids; lores, side of 
head below eye, and anterior auricular feathers neutral gray at the 
tips and more or less white at the base; throat and upper foreneck 
very pale grayish white ; lower foreneck, upper breast, and sides pallid 
neutral gray ; flanks, abdomen, and under tail coverts pure white; edge 
of wing white with a slight spotting of neutral gray; inner wing 
coverts and edge of inner webs of primaries white; outermost wing 
coverts white mixed with neutral gray. Bill dull black, with the base of 
the gonys whitish; tarsus, toes, and claws black. (From dried skin.) 

Measuremenits.—Male, type, wing 58.0, tail 49.4, culmen from base 
10.5, tarsus 15.5 mm. 

Female, wing 52.5, tail 42.8, culmen from base 10.2, tarsus 15.6 mm. 

Range.—Known only from the upper Rio Pucro, at 950 meters 
elevation on the base of Cerro Mali, Serrania del Darién, Panama. 

Remarks.—A female, U.S. Nat. Mus. 483341, was taken with the 
male at the same location, on July 4, 1963 (Gorgas Mem. Lab. no. 
3-00328). This bird has the following colors: Crown slightly darker 
than in the male, with the same partly hidden white center; upper 
surface Kronberg’s green; tail feathers blacker than in the male, 
edged lightly with dull green; light edgings on wing chartreuse 
yellow ; side of head as in male; throat and upper foreneck duller 
white ; lower foreneck, breast, and sides washed lightly with vetiver 
green; abdomen sea-foam green; under tail coverts chalcedony yel- 
low ; lighter part of under wing coverts, and inner webs of basal part 
of primaries like abdomen. 

The male has been compared with the type of Elaema c. parambae 
in the American Museum of Natural History. Through the kindness 
of James Bond I have examined a female and two males of that race 
in immature dress in the Academy of Natural Sciences of Philadelphia, 
taken on the Rio Jurubida, inland from Nuqui near the central coast 
of the Department of Choco, northwestern Colombia. The two marked 
male in color are like the female. Compared with the female from 
Cerro Mali the three from Nuqui are very slightly clearer green on 
the back, with the base color of the crown faintly lighter gray. Below 
they differ decidedly as the throat and upper foreneck are duller, 
grayer, the lower foreneck, breast, and sides are much greener, and 
the rest of the under surface is decidedly deeper yellow. 

The specimens from the Cerro Tacarcuna massif in Darién mark an 
interesting addition to the flycatchers known from Panama. As a 
species, Elaemia caniceps ranges from Colombia and southern Vene- 
zuela to Bolivia, northern Argentina, and southern Brazil. With the 
present description four subspecies are recognized in this area. 
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The name of the present race, the most northern population known, 
is taken from the Latin absitus, in the sense of one living remote or 
distant from its relatives. 


III. A WESTERN SUBSPECIES OF THE PLAIN-COLORED 
TANAGER 


The plain-colored tanager, in its subspecies Tangara inornata lan- 
guens Bangs and Barbour, is a common bird of the tropical zone in 
Panama from the central lowlands eastward into Colombia. Through 
recent work of the Gorgas Memorial Laboratory at a field station in 
Bocas del Toro, I have received from Eustorgio Méndez three speci- 
mens from Almirante that mark a considerable extension of range. 
These prove to represent an undescribed race. 


TANGARA INORNATA RAVA, new subspecies 


Characters.—Similar to Tangara inornata languens Bangs and Bar- 
bour,* but with throat, lower breast, abdomen, and under tail coverts 
light buff to pinkish buff; a faint wash of the same color on lower 
rump and upper tail coverts ; lesser wing coverts decidedly darker blue. 

Description—Type, ¢, U.S. Nat. Mus. 483344, from Almirante 
(Milla 2), Bocas del Toro, Panama, collected August 23, 1963, by 
Eustorgio Méndez (orig. no., Gorgas Mem. Lab. 6936). Dorsal sur- 
face from crown to upper tail coverts neutral gray; wings and tail 
sooty black; lesser wing coverts methyl blue to Paris blue, with a me- 
tallic sheen ; sides of head like crown, with the feathers of the ear cov- 
erts with faint grayish white shaft lines; chin sooty gray; foreneck 
pale olive-buff ; chest and sides pale neutral gray; center of breast, 
abdomen, under tail coverts, and axillars pale pinkish buff to pinkish 
buff. Bill, tarsus, toes, and claws black. (From dried skin.) 

Measurements.—Male (one, the type), wing 69.7, tail 45.4, culmen 
from base 10.9, tarsus 17.8 mm. 

Female (two specimens), wing 65.4, 68.0, tail 43.6, 43.7, culmen 
from base 10.9, 11.0, tarsus 17.1, 17.2 mm. 

Range.—Western area of the Province of Bocas del Toro in the 
Caribbean lowlands of Panama; probably extending on the Caribbean 
slope in Costa Rica. 

Remarks.—The well-known race Tangara inornata languens of this 
tanager has been recorded in Panama on the Pacific slope west through 


4 Tangara inornata languens Bangs and Barbour, Bull. Mus. Comp. Zodl., 
vol. 65, Sept. 1922, p. 227. (Lion Hill, Canal Zone, Panama.) 
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the Canal Zone to Chorrera in the western sector of the Province of 
Panama. On the Caribbean side I have taken it in the valley of the 
Rio Indio west to El Uracillo, in northern Coclé, and Chilar in west- 
ern Colon. In the American Museum of Natural History there is one 
from “Cascajal, Coclé” collected February 5, 1889. No collector is 
indicated, but the label and writing are those of Heyde and Lux, 
whose locality is believed to have been on the Caribbean slope on the 
Rio Cascajal, a tributary of the Rio Coclé del Norte. 

The first specimen from Bocas del Toro, an immature female, taken 
in a mist net and prepared by Rudolfo Hinds, December 16, 1960, 
marked a considerable extension of range. The prominent buff of the 
under surface of this bird, which attracted immediate attention, was 
attributed at the time with some uncertainty to the age of the speci- 
men, though this color did not agree with that found in other young 
birds of this species that I had seen. A second skin from Almirante, 
an adult female, taken September 25, 1962, was as deep buff as 
the first one, and with the receipt of an adult male secured August 
23, 1963, it was apparent that a racial difference was indicated. 

Approximately 75 skins of the race Janguens and 40 of T. 1. inornata 
from central and eastern Colombia have been available for comparison. 
A faint wash of pale pinkish buff on the center of the abdomen and 
the under tail coverts is found in a number of these specimens, but in 
none is this color prominent as it is in the skins from Bocas del Toro. 
It is most evident in a few skins taken a hundred years ago by Mc- 
Leannan in which this color seems due in part to discoloration from 
age as museum specimens. In all individuals in these long series the 
lesser wing coverts are light blue, with no approach to the darker color 
of this area in the birds from Bocas del Toro. 

It is probable that the race described here ranges beyond the inter- 
national boundary in the lowlands of the Caribbean slope of Costa 
Rica. While no specimens are available at this time, Dr. Paul Slud 
informs me that he has a few records of Tangara inornata (which he 
will publish in detail later) from that area. 

The name is from the Latin adjective ravus, in the sense of tawny. 


IV. ADDITIONS TO THE RECORDED LIST OF BIRDS FROM 
THE REPUBLIC OF PANAMA 


Knot, Calidris canutus rufa (Wilson) : Two immature males taken 
at Puerto Obaldia, San Blas, on September 12 and 22, 1934, by Hasso 
von Wedel are the only present report for this species. The specimens, 
originally in the Herbert Brandt collection at the Museum of the Uni- 
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versity of Cincinnati, are now in the U.S. National Museum. In the 
period of northern winter the knot, which nests in the far north, is 
found from eastern United States south to Tierra del Fuego. There 
are, however, few records of it in Central America. 

Caspian tern, Hydroprogne caspia (Pallas) : In the files of the U.S. 
Fish and Wildlife Service there is record of one banded by L. Tyler 
on South Limestone Island, in Georgian Bay, Lake Huron, Ontario, 
on June 11, 1955, that was found wounded at Aligandi, San Blas, on 
the evening of November 12 of that year. According to the report, 
forwarded by Dr. Alcibiades Iglésias, the bird died the following day. 
The occurrence on the San Blas coast is one to be expected, as this 
tern is reported as a migrant to the Caribbean coast of Colombia from 
Cartagena to the lower Rio Magdalena. 
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A PHYTOPHYSIOGNOMIC RECONNAISSANCE 
OF BARRO COLORADO ISLAND, 
CANAL ZONE 


By Cuartes F. BENNETT, Jr. 


Barro CoLorapvo IsLAnp (hereafter BCI) has been and continues 
to be the site of intensive and varied research on problems of tropical 
biology. Increasingly, during the 40 years of the man-made island’s 
existence, the studies have focused on problems that require detailed 
analysis of the basic ecological conditions occurring on the island. It 
is in an effort to make a contribution to the knowledge of one of these 
basic conditions—the phytophysiognomy—that this paper is written. 

With the exception of a sketch map which attempted to show some 
physical aspects of the forest on BCI (Enders, 1935) no map of the 
phytophysiognomy of the island has heretofore been made available. 
This may, in part, account for the numerous allusions to “tropical rain- 
forest,” “primeval tropical forest,” and ‘climax forest” that one en- 
counters in many published papers dealing with some aspects of the 
island’s biology. 

Possibly it is incorrect to allude to any parcel of arboreal vegetation 
in the American (or Old World) tropics as being primeval in the 
sense that it represents an entity quite uninfluenced by the hand of 
man. Millennia-long human occupance of these lands would seem to 
preclude such usage. Areas not now settled by man may suggest the 
primeval but may surprise one when soil samples are taken, as was 
recently the case in Dutch Guiana where charcoal was discovered 
(Shulz, 1960). BCI scarcely is sited in an isolated position in the 
American tropics. It was once a low hill among many similar to it on 
the isthmus, and it seems fatuous to suggest that shifting cultivators 
(Cuna-Cueva) who occupied the general area at the time of Spanish 
entry spared this particular hill from fire and crops. In the four cen- 
turies since the Conquest the hill was adjacent to the major routes of 
transisthmian crossing. The hill’s transformation into an island was 
perhaps only among the most recent of a long series of ecological 
manipulations by man, for the manipulations did not cease at once— 
holdings of several small farmers had to be purchased before the island 
could be turned into a preserve (Anon., 1925). 
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Previous writers have mentioned the human ecological role on BCI 
(eg., Kenoyer 1929; Zetek, n.d.; Standley, 1933; Chapman, 1938), 
but the import of their statements was sometimes lost through hope- 
ful allusions to the supposed presence of primeval or climax forest 
on the island. In this writer’s opinion, biologists would do well to 
consider such forest areas as extremely rare entities anywhere in the 
tropics and to dismiss the idea completely in reference to BCI. 

Perhaps even more persistent are the published allusions to the 
existence of a tropical rainforest cover on BCI. There is some justifi- 
cation for this misconception because of the plethora of vague and in- 
exact ways in which certain specialists have employed the term tropical 
rainforest. This inexactness has performed no service to biologists and 
particularly to those seeking to demonstrate similarities and/or differ- 
ences between spatially separated tropical regions. 

In climatology, tropical rainforest has been defined quantitatively 
and is referred to as tropical rainforest climate. The term refers to 
precipitation and temperature, viz, the average temperature of the 
coldest month is no lower than 18°C. (64.4°F.), and the average pre- 
cipitation of the dryest month is not less than 60 mm. (2.2 inches). 
This is a part of the Koppen Climatic Classification, and the quantita- 
tive values given above are coded as follows: the temperature value 
receives A (signifying an always warm tropical climate) ; the precipi- 
tation value receives an f (indicating abundant precipitation distrib- 
uted throughout the year). Together, Af signifies tropical rainforest 
climate, or, to put it another way, only under these climatic conditions 
can tropical rainforest be expected to occur. Although there are Af 
stations within the Republic of Panama, BCI is not such a station be- 
cause f conditions of precipitation do not occur there. The months of 
January, February, and March have average precipitation of less than 
60 mm. On the other hand, the remaining eight months are usually 
very wet and much of the annual average precipitation, which exceeds 
2,500 mm. (100 inches), falls during this period. The designation for 
this precipitation pattern in the Koppen system is m. Thus BCI has 
an Am or Tropical Monsoon Climate.* 

The K6ppen system represents an attempt to correlate the known 
data on precipitation and temperature with the distribution of major 
vegetational regions (based principally on De Candole’s system of 
dividing the world’s plant cover into five groups supposedly correlated 


1The author is in the process of completing for publication the first of a 
series of climatological studies of BCI. Therefore, more detailed analysis is not 
here presented. 
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with their temperature requirements, viz, macrotherms, mesotherms, 
microtherms, hekistotherms, xerophytes). This obviously results in 
broadly generalized climatic-vegetation regions. One must, there- 
fore, turn to other sources when the plant physiognomy of smaller 
regions is to be examined. For this purpose the work of J. S. Beard 
has been considered as most important and applicable (Beard, 1944, 
1955): 

Although Beard employs the climax concept in his approach to 
tropical vegetation, which this writer holds to be of doubtful value, 
it is nonetheless true that the tropical forest formations recognized 
by Beard, climax or no, have the decided significance of being entities 
that in fact exist and can be recognized rather easily by investigators 
employing the classification in the field. 

Because the reader is above referred to Beard’s work, which is read- 
ily available in libraries, only the briefest remarks regarding it will be 
made here. He recognizes rainforest as constituting a major forma- 
tion, and in addition to this optimal formation he recognizes six sea- 
sonal formations (as well as other special formations) ranked ac- 
cording to their divergence from the optimal rainforest situation. The 
first two in the ranking concern us here, vig, Evergreen Seasonal 
Forest and Semi-Evergreen Seasonal Forest. On BCI the oldest ap- 
pearing forest seems to be more or less intermediate with the two just 
named formations. If one were required to assign a broader term to 
the older forest cover on the island the term Tropical Monsoon Forest 
would apply. 

To return to my earlier comments, recent vegetation disturbances 
by man on BCI makes rigorous application of Beard’s or any other 
system to the entire island quite impossible. There are in fact a num- 
ber of rather distinct phytophysiognomic microregions on the island 
which are of obvious importance to the distribution and numbers of 
animal species present. Further, these conditions are not to be con- 
sidered as static, and as they change so too will the structure of the 
island’s fauna change. In order to contribute in a small measure to 
the understanding of the phytophysiognomy of the island, I conducted 
a mapping-reconnaissance during two weeks in August 1960. A dis- 
cussion of the results of that reconnaissance follows. 

As is known to those familiar with the area, BCI is crossed by a 
network of trails which more or less intercept most of the larger bio- 
topes occurring on the island. It is probable that a large percentage of 
the field observations on the island are made on or within a few yards 
of the trails. Therefore, the reconnaissance was confined to the trails, 
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as the accompanying map (fig. 1) will clearly indicate. Time limita- 
tions prevented proper surveys between the trails, and it is believed 
that map reliability has been increased through refraining from ex- 
trapolating trail data to fill the large map interstices between the trails. 

Special note should be taken of the fact that the mapping was ac- 
complished during the wet season. This tends to bias the observations 
to some extent as the forest on BCI is facultatively deciduous, and 
while sometimes appearing extraordinarily lush and green in the rainy 
period it will also present a very xeric appearance during an exceed- 
ingly well-developed dry season as, e.g., 1958. Also, during those 
years in which the dry season is not very dry, as e.g., 1963, leaf fall 
will be found to be very much less than in normal years. This point 
is stressed because we are often misled by authors whose work in the 
tropics has almost always been in one season (coinciding no doubt 
with the academic year summer recess), and many of us have at times 
almost lost sight of the fact that while the lowland tropics may be the 
place where winter never comes, it is very definitely a place where 
ecologically significant seasonal changes of temperature and precipita- 
tion occur. 

There is not yet a standardized system for mapping the physiog- 
nomic characteristics of tropical vegetation. Therefore, I devised my 
own list of phytophysiognomic characters which seemed to be of im- 
portance. The specific details mapped were as follows: 


Number of tree strata present. 

Average estimated height of each tree stratum. 
Canopy characteristics of each tree stratum. 
Presence of palms. - 

Average breast-height-diameter of trees. 
Occurrence of the following special features: 


(on) FS 5 Ga) b= 


a. root buttresses. 

b. stilt roots. 

c. lianas. 

d. epiphytes. 

e. density of floor vegetation. 
f. nature of floor vegetation. 
g. leaf litter on forest floor. 


It is obvious that this list is too detailed to permit all the items being 
conveniently shown on a map of the scale employed in this paper. 
Therefore, the details were generalized into five categories which are 
discussed below. 


2 The base map employed appeared in Woodring, 1958. 
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The trails on the island are marked at 100-meter intervals, and it 
was therefore possible to maintain good mapping control. The distri- 
bution of the various categories appearing on the map are correct as 
read along the trail. The width of the distribution of the vegetation 
type along any given trail has been standardized to approximately 100 
meters as a cartographic convenience and does not represent actual field 
limits to the transects. On the other hand, the width is realistic in that 
the conditions as mapped usually extend at least 50 meters on each 
side of the trails. 

The five map categories are as follows: 


(1) Forest with essentially 2 tree strata; the lower stratum averages 
25’ to 40’ (7.6 m. to 12.2 m.) in height; the upper stratum aver- 
ages 75’ to 100’ (22.8 m. to 30.4 m.) in height: the lower stratum 
is variably open and closed; the upper stratum is open; palms 
are usually present; root buttresses usually present; epiphytes 
are usually present; lianas usually present; floor vegetation 
density is only moderate and usually permits the passage of a 
man with little or no cutting; floor vegetation is chiefly woody; 
average breast-height-diameter of trees is 4” to 12” (102 mm. to 
305 mm.); maximum breast-height-diameters seldom exceed 
18” (457 mm.). 


This unit (1) has a discontinuous distribution on the island. Al- 
though rather limited in area in the center of the island, it becomes 
rather extensive in the extreme west, extreme southeast, and in the 
north and northwest parts. On a trail-length basis this unit accounts 
for approximately 11 km. This appears to be the oldest of the various 
forest units present on the island. I would, however, refrain from 
calling it either mature or climax for reasons given above. 


(2) More or less as (1) above except that the bottom stratum aver- 
ages slightly lower in height and the upper stratum averages 
60’ to 80’ (18.2 m. to 24.3 m.) in height. 


As indicated, there is rather little other than height difference to 
distinguish the second category from the first. This is probably slightly 
younger forest than (1). It is concentrated in the east, northeast, and 
central parts of the island. Its linear extent along trails is approxi- 
mately 7.5 km. 

(3) A forest which presents an appearance of recent disturbance, in 
most cases probably a clearing in the past 40 years. There is 
usually a single-tree stratum with an occasional larger tree spaced 


at broad intervals among a multitude of closely spaced very 
slender trees; sometimes dense labyrinths of lianas occur. 
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Most, if not all, of the areas mapped as (3) represent sites that not 
very long ago were devoted to farming. One occasionally encounters 
rather forceful testimony to this in the form of an isolated mango 
(Mangifera indica) or coconut tree (Cocos nucifera), which proba- 
bly mark old house sites. Those who frequently postulate the rapid 
recovery of tropical forest on a site after it has been deserted by man 
would find these situations (3) quite instructive. Total trail length 
slightly exceeds 0.5 km. 

(4) A clearing, man-made and man-maintained ; vegetation is chiefly 


graminoid but in clearing adjacent to laboratory complex there is 
also a wide variety of exotic woody and herbaceous forms. 


Although very limited on the map, areas of (4) occur elsewhere on 
the island away from trails and adjacent to canal marking devices. 
The latter are usually in grass or grass, herbaceous forms and young 
palms. Heavier growth is kept down through regular maintainence by 
Canal officials. Areas of (4) are among the most interesting from a 
faunal standpoint of all five units shown on the map. Total trail length 
is approximately 0.5 km. 

(5) Natural clearing in the forest; vegetation is not stratified and 
ground cover is dense in the earlier seral stages; an abundance of 


herbaceous species during early seral stages giving way later to 
an increasing density of woody forms. 


This (5) is the most transient phytophysiognomic unit mapped on 
BCI. These clearings usually result irom tree blowdowns during high 
winds. The map includes only the largest one encountered. 

Some further discussion of the phytophysiognomic details recog- 
nized in the reconnaissance is desirable, not only to add further to the 
map detail but also to augment understanding of the physical character 
of the vegetation of BCI. Since a number of these details have been 
discussed above in connection with the major categories employed on 
the map, only the “special features” are discussed below. 

a. Root buttresses. No areas of marked concentration of this in- 
teresting feature were noted. Root buttresses occur as a generally dis- 
tributed feature with the lowest incidence occurring in areas designated 
as (3) on the map. Of course this feature does not as a rule occur in 
clearings. 

b. Stut roots. This feature appears to have a random distribution. 
Sometimes one finds small colonies of the palm Iriartea spp. which pos- 
sess this character. 

c. Lianas. Although lianas are generally distributed over the island, 
they are not abundant except at clearing edges, and in area (3). 
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d. Epiphytes. At no place on the island were epiphytes encountered 
in abundance, although this feature is definitely ubiquitous. Most trees 
have a complement which becomes abundantly apparent when limbs 
fall to the forest floor during high winds or as the result of insect tun- 
neling and general decay. But one does not encounter the incredibly 
festooned limbs of, for instance, the cloud forest of other parts of 
the tropics. 

e. Density of floor vegetation. Although the forest floors of BCI 
never suggest the “vaulted aisles” of some writers, the ground cover 
under the older forest tends to be moderate and usually allows passage 
with very little work with the machete. This is somewhat surprising 
because the sunlight reaches the ground quite abundantly in the nor- 
mal dry season, and this would seem to facilitate growth. But this is 
also the period of drought, and the fact remains that for at least 8 
months of the year the amount of light reaching the ground is so 
slight as to probably restrict growth. Other inhibiting factors are also 
undoubtedly present. In clearings, however, the dense tangles of vege- 
tation prevent all but the most determined person from passing. 

{. Nature of floor vegetation. Woody floor vegetation is the rule in 
the older forested areas. But even in these situations considerable 
quantities of herbaceous vegetation is sometimes encountered although 
this is usually most abundant in clearings. One special feature deserv- 
ing mention is the occurrence of dense thickets of a terrestrial brome- 
liad with the local name pifiuela (probably Ananas spp.). One of the 
most extensive of such areas occurs not far from the end of Zetek 
trail in the western end of the island. These thickets are almost im- 
penetrable to man but provide shelter and food to a considerable array 
of animal species. 

g. Leaf litter. I am not aware that this is usually included as a 
phytophysiognomic feature, but it is so included here because it is of 
considerable ecologic significance. This is an extremely variable fea- 
ture varying from season to season, from year to year, and from place 
to place at any given time. Contrary to numerous published remarks 
which indicate that leaf litter is virtually nonexistent on the floor of 
tropical forests except for limited periods during the year, leaves per- 
sist in quantity on the forest floor of BCI throughout the year. Al- 
though fungal and bacterial action is rapid and more or less continu- 
ous, there is a more or less continuous increment of shed leaves to the 
floor during all periods of the year. The greatest deposition usually 
occurs during the height of the dry season. It is rare to encounter any 
sizable area of forest floor completely devoid of leaf litter at any time 
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of the year. Seasonal conditions, as well as local conditions of slope, 
and wind exposure are important modifying factors. 
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FORAMINIFERA FROM LATE PLEISTOCENE 
CLAY NEAR WATERVILLE, MAINE 


By MARTIN A. BUZAS 
U.S. National Museum 
Smithsonian Institution 


(Wita Five PLatTEs) 


INTRODUCTION 


A blue, plastic, marine silty-clay of Late Pleistocene age is found 
in southeastern New Hampshire and in southwestern, central, and 
southeastern Maine. It has been referred to by various authors as 
“marine clay,” “the clay,” or “leda clay.”” No formal name had been 
assigned to this clay until Bloom (1960) proposed the name “Pre- 
sumpscot formation” for this well-defined unit, and his designation 
has been adopted here. 

Mollusks are relatively common in the Presumpscot formation. 
Clapp (1907) gave an extensive faunal list, and Little (1917) com- 
piled a similar list for the Waterville, Maine, area. Bloom (1960) 
presented a chart showing the present latitudinal range of mollusks 
found in the Presumpscot formation. The microfossils have been 
largely overlooked, and the only published work is that of Morton 
(1897), who listed 45 species of Foraminifera from samples taken 
in southern Maine. The present study describes the Foraminifera 
contained in samples from a series of borings near Waterville, Maine. 
The depositional environment is inferred by comparing the distribu- 
tion and abundance of the fauna in the clay with modern counter- 
parts. 

I wish to thank Dr. R. Cifelli, who suggested the study and devoted 
much of his time and energy to it. Dr. Leo LaPorte also offered many 
helpful suggestions throughout the investigation. Miss Ruth Todd 
made many helpful comments concerning the manuscript. F. Boyce, 
Jr., of the Soils Laboratory, Maine State Highway Commission, was 
kind enough to send samples from several borings and furnish perti- 
nent data concerning the bore holes. Dr. A. Norvang generously sent 
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specimens for comparison from the Museum in Copenhagen. Thanks 
are also due to Dr. Koons and Dr. Hickox of Colby College for point- 
ing out field relations in the Waterville area. Dr. Bloom was kind 
enough to show me several interesting localities in southwestern 
Maine. The Foraminifera were illustrated by Lawrence B. Isham, 
scientific illustrator, U. S. National Museum. Figured specimens are 
deposited in the U. S. National Museum. 


LOCATION AND METHODS 


The samples used in the present study were taken from borings 
made across Messalonskee Stream in Kennebec County, approxi- 
mately 1 mile northwest of Waterville, Maine. The samples were 
obtained from the Soils Laboratory, Maine State Highway Commis- 
sion, who made the borings to determine soil stratification and con- 
sistency data of the Messalonskee Stream area. Figure 1 shows the 
location of the Waterville area and the locations of the borings. 

Of the 39 samples of clay obtained from the Soils Laboratory, 38 
were from four borings and 1 froma fifth boring. The samples were 
fairly uniform in size, each containing about 750 cc. of clay. 

Each sample was disaggregated by boiling in water and then 
washed in a 200-mesh brass screen. Microscopic examination of the 
residues showed them to be composed mainly of quartz with some 
mica and lithic fragments. Some of the residues were treated with 
carbon tetrachloride in the manner described by Cushman (1948a, 
p. 27). Although many of the foraminiferal tests floated in this treat- 
ment, an appreciable percentage did not. A liquid with a specific 
gravity of 2.58 was then obtained by mixing acetylene tetrabromide 
and acetone. When a washed-samples residue was poured into a sepa- 
ratory funnel containing this liquid, the quartz sank while the tests of 
the Foraminifera floated. The fraction of the residue that initially 
sank was subjected to a second separation to insure maximum recovery 
of foraminiferal tests. This method yielded a concentration of sink to 
float of 20:1. A quantitative study made on three samples showed 
that the poorest recovery yielded 95 percent of the total population, 
the best, 100 percent. 


BEDROCK GEOLOGY 


The area of this study is underlain by the Waterville formation 
(named by Perkins and Smith, 1925), which has two predominant 
lithologies: bluish calcareous shale and gray arenaceous shale, and 
dark-bluish slate interbedded with quartzitic layers. These two 
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lithologies are interbedded and folded into a series of small plung- 
ing folds. The average strike of the beds is in a northeasterly direc- 
tion. Graptolite-bearing slates from an abandoned quarry northwest 
of Waterville indicate a Mid-Silurian age. 


PRESUMPSCOT FORMATION 


During Late Pleistocene time, when a sufficient quantity of water 
was returned to the sea from the melting continental glacier, the 
southern and central portions of Maine which had been depressed by 
the ice were partially submerged. Within the drowned valleys of this 
area a blanket of marine clay was deposited. The clay occurs at sea 
level along the coast and at higher elevations toward the north-north- 
west, reaching a height of 440 feet in west central Maine (Goldthwait, 
1949). The marine clay overlies till, bedrock, or stratified sand and 
gravel. It is the youngest stratigraphic unit in the Waterville area 
and has been given the name “Presumpscot formation” by Bloom 
(1960). 

In the Waterville area a time lapse between the retreat of the 
glacier and the advance of the sea was hypothesized by Little (1917), 
who presented several lines of evidence from examination of eroded 
esker deposits. Further evidence of subaerial erosion was cited by 
Goldthwait (1951), who has shown that in the Portland-Sebago area, 
valleys were cut into outwash plains prior to the deposition of the 
clay. However, 25 miles southeast of Portland in the Biddeford area, 
Bloom (1960) has indicated that a local glacial advance occurred 
after the marine submergence was already in progress. 

Because there is a lack of well-defined shore features, Caldwell 
(1959, p. 16) believed that the inundation lasted for a relatively short 
period of time, and that the sea began its retreat soon after reaching 
its maximum northern extension. Leavitt and Perkins (1935, p. 202) 
for similar reasons concluded that the marine submergence was rela- 
tively short, “a few thousand years at the most.” 

I am aware of only one radiocarbon date that indicates the age of 
the clay. R. L. Dow of the Maine Department of Sea and Shore 
Fisheries collected some mollusk shells from marine clay in the 
Morrison Corner gravel pit 8 miles north of Waterville. A radio- 
carbon date made on this material in 1958 by the U. S. Geological 
Survey indicates an age of 11,800+200 years. The exact strati- 
graphic location of the shells was not indicated. However, owing to 
the proximity of the Morrison Corner gravel pit to the area under 
study, the clays of the two areas are probably of the same age. 
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The Presumpscot formation varies greatly in thickness because it 
was deposited on a very irregular surface. The maximum thicknesses 
(over 110 feet) are found in buried valleys. The “clay” is composed 
mainly of clear angular quartz, although some mica and feldspar are 
present. According to Goldthwait (1953), analyses of grain size of 
43 samples by E. Cromier in 1949 showed an average of 39 percent 
clay, 374 percent silt, and 234 percent sand. There was, however, 
much variation between samples. No analyses were made of the 
samples used in the present study. 

Boulders are scattered throughout the Presumpscot formation and 
were presumably ice-rafted to their present position. 

Much of the marine clay is fossiliferous, and mollusk shells have 
been reported from various areas. Some of the workers who have 
compiled faunal lists are Clapp (1907), Little (1917), and Bloom 
(1960). 

Although megafossils are found in many areas, their distribution 
is patchy, and mollusk shells are normally found only in isolated 
pockets of the marine clay. Foraminifera appear to be abundant 
where mollusk shells are present. 


STRATIGRAPHY AT MESSALONSKEE STREAM 


The profiles made across Messalonskee Stream by the Soils Labo- 
ratory indicate that the clay rests on till west of the stream and on 
bedrock east of the stream. Sand layers are occasionally found in 
the clay. In this area the clay is directly overlain by soil. The clay 
attains a maximum thickness of 90 feet in the lower parts of the 
stream valley and extends in constantly diminishing thicknesses on 
either side of the stream. It has an average thickness of 54 feet in 
these borings. 

A brown clay overlies a blue-gray clay in the Messalonskee area. 
The detailed boring sheets of the Soils Laboratory do not indicate 
the nature of the contact. Goldthwait (1951) has observed these 
color variations in the clay elsewhere and has suggested that the brown 
color is due to oxidation of the blue clay. Caldwell (1959, p. 30) has 
made a chemical analyses of two pairs of brown and blue clay 
samples from the Farmington area. He found, as one would expect 
if the brown clay represents weathering of blue clay, that the ratio 
of ferric to ferrous iron is greater in the brown clay. I have observed 
that in some gravel pits the brown clay is directly overlain by soil, 
which indicates that brown clay is actually the C-horizon of a soil 


6 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 145 


profile and is, as Goldthwait (1951) suggested, a weathering phe- 
nomenon. 

In correlating the borings of the Messalonskee area (figs. 2 and 4) 
the following assumptions were made: 

1. The base of the clay represents the original depositional surface 
and is time-equivalent throughout the area. 

2. The rate of sedimentation was constant within the area studied. 
These assumptions appear to be reasonable because the borings 
studied are confined to an area that measures only 0.1 by 0.2 miles. 

Figure 2 shows the stratigraphic relations of the borings. In boring 
No. 1058 clay rests directly on bedrock, while in borings Nos. 118, 
108, and 109 till underlies the clay. The dashed line indicates the 
original depositional surface. 


FORAMINIFERAL DISTRIBUTION 


Of the samples obtained from the Messalonskee Stream area, 26 
yielded Foraminifera, whereas 13 were barren. Of the 13 barren 
samples 11 were within the top 13 feet of the borings. Two of these 
were samples of soil and the rest of brown silty clay. Because the top 
samples of some of the borings are actually soil and because the zone 
of weathering extends to at least the depth of the first two samples 
of each boring, I conclude that the absence of fossils in these upper- 
most samples is due to their destruction by leaching. However, it is 
doubtful that leaching is responsible for the absence or scarcity of 
Foraminifera in the upper 30 feet or so of the section shown in 
figure 4. 

Foraminiferal abundance is generally low in all samples. Only 
14 of the 26 samples that contained Foraminifera yielded more than 
160 individuals. If one disregards the effect of compaction, then 
these samples contain only about 3 individuals per 10 ml. A 10-ml. 
sample from an area such as Long Island Sound usually contains _ 
several hundred individuals. 

Altogether 19 species representing 13 genera are present. Only five 
species are abundant or common; the remainder are rare and either 
occur in only one sample or else are distributed at random through- 
out. All the Foraminifera are benthonic, and only one species, repre- 
sented by two specimens, is arenaceous. Elphidium clavatum is by 
far the most abundant species in the samples. 

The percentage distribution of the Foraminifera found in the 
samples from the Messalonskee area is shown in figure 3. In figure 
4 the percentage distribution of the common Foraminifera is shown 
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BORING NO. 1058 i ae [22] | [20] Ce as) ea) [Co foam) (eon Coy 

S-14U $-13U $-12U S-11U $-10ou S-9U s-8U $-7uU S-6U $-5U $-4U S-3U S-2uU S-lU 
BORING NO. 108 rs [4 |] 

$-5C S-4C $-3C $-2c S-IC 
BORING NO. 1057 me 
$-7U 


ELPHIDIUM 
CLAVATUM 
LEGEND 

ELPHIDIUM 

PLOTTED FROM SAMPLES WITH N>I60 
ORBICULARE 

[--] ptotteo FROM SAMPLES WITH N<50 

GMB samece with N>I60 
CASSIDULINA 
BARBARA (oJ sampce witH N<50 
ELPHIDIUM 
VARIUM 
S§UCCELLA 
FRIGIDA 


Fic. 4.—Percent distribution of common species in correlated borings. 
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diagrammatically, using the depositional surface of figure 2 as the 
base. Fourteen samples have more than 160 individuals and 11 have 
less than 50. Curiously, no sample has a total number of individuals 
that falls between these two figures. Samples with more than 160 
individuals are marked black on the diagram, while samples with 
less than 50 individuals have the actual number of specimens present 
indicated within the rectangle representing the sample. The lower 
part of the section shown in figure 4 contains all the samples that have 
more than 160 individuals. In order to minimize the possibility of 
fluctuation in the distribution curve that might be due to inadequate 
populations, only samples with more than 160 individuals were used 
in plotting the data from the lower part of the section. In the upper 
part of the section where there are no samples with more than 160 
individuals, samples with less than 50 individuals were used in plot- 
ting the data. 


DISTRIBUTION OF THE COMMON SPECIES 


Elphidium clavatum Cushman is very abundant. This species com- 
prises at least 40 percent of the total population in all but 2 samples 
and has an average abundance of 58 percent in samples with more 
than 160 individuals. In samples with less than 50 individuals it aver- 
ages 86 percent of the total population. 

Elphidium orbiculare (Brady) is present in 15 samples and com- 
prises 40 percent of the total population in 1 sample. It has an aver- 
age abundance of 17 percent in samples with more than 160 individ- 
uals. 

Cassidulina barbara n. sp. occurs in 11 samples. It is generally low 
in abundance, but in 2 samples it comprises 69 and 88 percent of the 
total population. 

Elphidium varium n. sp. occurs in 12 samples. It comprises 29 
percent of the total population in 1 sample, but has an average abun- 
dance of only 13 percent in samples with more than 160 individuals. 

Buccella frigida (Cushman) comprises 15 percent of the total pop- 
ulation in 1 sample, but averages less than 6 percent in samples with 
more than 160 individuals. 


PALEOECOLOGY 


Cushman (1944) recognized that a faunal boundary for the distri- 
bution of benthonic Foraminifera occurs at about the latitude of Cape 
Cod. The work of Parker (1948) and Phleger (1952) substantiates 
this. A few species are restricted in occurrence to either the north 
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or the south of Cape Cod. According to Parker (1948) the boundary 
is characterized by a decrease in the number of species to the north. 
However, the species that cross the boundary tend to be represented 
by more individuals in the northern region. This northern fauna in 
turn grades into a true Arctic fauna which has even fewer species in 
common with the southern region. 

Table 1 lists 12 of the species found in the Messalonskee clay 
with their reported occurrences in 3 faunal regions. The remaining 
species are not included because they are poorly represented in the 
Messalonskee clay and their synonymies are uncertain. All the spe- 
cies listed are reported from the Arctic, and most of them have also 


Taste 1.—Distribution in 3 faunal regions of 12 species found in the Messa- 
lonskee clay. Note the decrease in occurrence of species to the south. 


North of South of 

Species Arctic Cape Cod Cape Cod 
Buccellasfrigida pene aA Leen x x x 
Cassidulina barbara .............+.-- x < ? 
Egoerellavadvena &....4-p eee ade x XK x 
Elphidium clavatum ................- < x x 
FE SOV DICULONE ves Mt ena, saa x ? x 
EAST) OV MUTI Sieh) ot Ue eae Meese aE x ? x 
Globulinavglociallis peer eee eee x 3 ? 
Nonionella auricula .............-..- x ? oily 
Pateoris hauerinoides ............... x < x 
Py nGonculigmsSOniie een ee eee x ? sie 
Quinqueloculina seminula ............ x x x 
Triloculina trihedra .............-+-- »< ? ? 


been recorded as far south as the Cape Cod boundary. Two of the 
species have not been recorded from south of Cape Cod, and three 
others have only questionable occurrences south of the boundary. 
The comparison in table 1 shows that the Messalonskee fauna, in 
terms of species present, is most similar to the faunas from the Arctic 
and north of Cape Cod. If only presence or absence criteria are con- 
sidered, it is difficult to pick one of these regions in preference to 
another. However, Elphidiwm orbiculare and Cassidulina barbara 
are relatively rare in the modern fauna north of Cape Cod, but are 
relatively common in both the Arctic and in the Messalonskee fauna. 
Thus, it appears that the Messalonskee fauna has closer Arctic affini- 
ties than the fauna off the present coast of Maine. 

Bloom (1960) came to a similar conclusion by plotting the present 
latitudinal range of the mollusks found in the Presumpscot formation. 
He showed that a similar fauna could be found today 7 to 8 degrees 
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of latitude farther north. He attributed the faunal shift to an increase 
of water temperature since the late Pleistocene and indicated that 
meltwater streams may have also had a cooling effect during the time 
of deposition of the Presumpscot formation. 

The Messalonskee fauna is not exactly like any modern fauna that 
has been studied to date. It is, however, quite similar to faunas found 
in the upper part of Narragansett Bay (Said, 1951) and the near- 
shore areas of Long Island Sound (Buzas, 1963). In all these areas 
the assemblages are characterized by the great abundance of species 
of Elphidium, especially E. clavatum. 

The Recent distribution and abundance of the five common species 
in the Messalonskee fauna will now be reviewed. 

Elphidium clavatum Cushman has been recorded from all along 
the eastern coast of North America as well as from the Arctic. 
Parker (1948) has recorded this species from all depths south of 
Cape Cod, but has indicated that species of Elphidium are most 
abundant at depths of 0 to 15 m. Phleger (1952) has found that 
E. clavatum occurs only at depths of less than 30 m. in the Gulf of 
Maine. 

Using the data given by Phleger (1952) for stations 338-523, 
Kendall’s rank order correlation test was computed for the variables 
depth and abundance of £. clavatum. This is a distribution free test 
based on inversions. Bradley (1960) gives a detailed discussion of 
this statistic. In computation one of the variables (4) is ranked 
from 1 to n while the other (4) is arranged in increasing order of 
the # rank. The number of times a y rank is followed by a smaller y 
rank is defined as k. Kendall’s rank correlation coefficient is defined 


4k ; : 
—_———..— —l. y varies from —1 for perfect negative corre- 
n(n—1) 


lation to +1 for perfect positive correlation. Actually it is not neces- 

sary to compute y because the equivalent statistic k has been tabled. 

Owing to the large nm (55) in the present sample, a normal approxima- 

tion instead of exact tables was used. The normal approximation is 
n(n—1) 


given yp tials eran eRe Gk Ties were treated in a manner least 


4) SEED (2n+5) 
| 72 


conducive to rejection of the null hypothesis. The results show a 
highly significant negative correlation between depth and the abun- 
dance of E. clavatum in the Gulf of Maine. 

Loeblich and Tappan (1953) recorded F. clavatum from all depths 


2s 7 = 
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off Point Barrow, Alaska. Unfortunately, they gave no data as to 
relative abundance. It is probably significant that in shallow-water 
samples, where only a few species are present in the Point Barrow 
area, one of them is E. clavatum. Said (1951) recorded this species 
in abundance from shallow depths in Narragansett Bay, Rhode Island. 
Examination of the 34 samples that he studied showed that £. 
clavatum was most abundant in 9 samples. The average depth of 
these samples was 6 m., while the average depth of all the samples 
was 16m. Buzas (1963) has shown that E. clavatum comprises over 
90 percent of the population in Long Island Sound in areas less 
than 10 m. deep. In deeper water farther from shore the relative 
abundance of this species decreases. 

Elphidium orbiculare (Brady) has not been recorded with certainty 
off the present coast of Maine. Cushman (1944) recorded this species 
from the bays of Maine, but Parker (1952a) after examining the 
specimens found that they were not the same as the forms recorded 
from the Arctic and placed them in another species. Todd and Low 
(1961), however, have recorded this species from the shallow water 
off Martha’s Vineyard but indicated that it is relatively rare in that 
area. Loeblich and Tappan (1953) have recorded this species from 
almost all depths off Point Barrow, Alaska. E. orbiculare is typically 
an Arctic species. 

Elphidium varium n. sp. is identical with specimens from Hudson 
Bay identified as E. incertum by Cushman (1948b). It is possible 
that this species has been identified as E. incertum by other workers 
and may be widely distributed. It is present with low frequencies 
in Long Island Sound (Buzas, 1963). 

Cassidulina barbara n. sp. is identical with specimens identified as 
C. islandica var. minuta which has been recorded in the “lower core” 
fauna of the Gulf of Maine (Parker, 1952a). Loeblich and Tappan 
(1953) have recorded this species (as C. islandica) from nearly all 
depths off Point Barrow, Alaska. 

Buccella frigida (Cushman), like E. clavatum, is widely distributed. 
Parker (1948) reported this species from all depths off the coast of 
Maryland. Phleger (1952) recorded it in near-shore samples from 
the Gulf of Maine. Loeblich and Tappan (1953) recorded it from 
a wide variety of depths in the Point Barrow area. This species has 
also been reported from Narragansett Bay by Said (1951), and in 
Long Island Sound it is relatively common. 

An examination of the Messalonskee fauna immediately rules out 
any possibility of its representing a marsh environment. Phleger and 
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Walton (1950) and Parker and Athearn (1959) have shown that 
marshes along the northeastern coast are characterized by certain 
species of arenaceous Foraminifera. None of these species is found 
in the Messalonskee area. A review of the data available on the dis- 
tribution and relative abundance of the common species of this study 
indicates that the assemblage could either be from a near-shore 
open-ocean environment or a bay environment. Both of these en- 
vironments are subjected to large amounts of runoff and subsequent 
reduction of salinity. The effects of such runoff, however, are 
usually more pronounced in the bays. The work of Parker (1952b) 
and Said (1951) has shown that Elphidium clavatum and Buccella 
frigida are two of the most common species in the larger bays along 
the northeastern coast. These same species are common along the 
open coast. However, in open-ocean near-shore areas these species 
are often intermingled with other forms which are typically more 
oceanic in their occurrence. Said (1951) believed that the lower 
salinities (25-28 o/oo) in the northern parts of Narragansett Bay 
were responsible for the high percentages of E. clavatum and the ex- 
clusion of most other species. It is probable that other factors in 
addition to salinity are important in near-shore bay environments. At 
any rate, faunas from stations 12, 14, 16, and 17 of Said (1951) 
from the northern parts of Narragansett Bay are comprised mainly 
of E. clavatum and B. frigida and are quite similar to the faunas of 
this study. As mentioned earlier the average depth of these Narra- 
gansett Bay samples is only 6 m. In Long Island Sound E. clavatum 
comprises 90 percent of the fauna in water less than 10 m. deep and 
becomes much less abundant in deeper water. In both of these areas 
arenaceous species are rare. In the Messalonskee clay E. clavatum 
has an average abundance of 58 percent in samples with more than 
160 individuals. In all samples it has an average abundance of 71 
percent. If we consider samples with more than 160 individuals, 
Elphidium comprises 88 percent of the total population. If we con- 
sider all samples, the percentage of Elphidium is even higher. The 
northern parts of Narragansett Bay and the near-shore areas of Long 
Island Sound, except for the lower abundance of E. varium and 
absence of FE. orbiculare, are strikingly similar to the Messalonskee 
fauna. The comparisons made above indicate that the Messalonskee 
fauna lived in a marine embayment where ecologic conditions were 
similar to those found in the near-shore areas of Long Island Sound 
or the northern parts of Narragansett Bay and where the depth of 
water was certainly less than 30 m. and probably less than 15 m. 
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A glance at the Glacial Map of the United States shows that the 
late-glacial clay in the Waterville area is restricted to stream valleys 
and lowlands. The borings of this study were taken 90 miles inland 
across the valley of a tributary (Messalonskee Stream) to the Ken- 
nebec River. The geographic position of the borings and the distribu- 
tional pattern of the marine clay support the idea that the Mes- 
salonskee fauna lived in a shallow marine embayment. 

It is quite likely that meltwater streams entered the marine embay- 
ment in which the Presumpscot formation was being deposited in the 
Waterville area. The poor sorting, angular unweathered fragments, 
and lack of stratification of the sediment suggest rapid deposition of 
material derived from meltwater streams. The presence of scattered 
boulders indicates that floating ice was in the area. This meltwater 
must have reduced the salinity of the oceanic water in the marine em- 
bayments. No experimental data are available as to the salinity toler- 
ance of any of the species found in the Messalonskee area. In Great 
Pond, E. Falmouth, Mass., Said (1953) found that a calcareous as- 
semblage dominated by Elphidium could stand a wide fluctuation in 
salinity. This assemblage was found in the southern part of the east- 
ern arm of Great Pond. As Said examined the fauna farther north 
in this arm, he found that the assemblage quickly changed to one 
dominated by arenaceous species. He suggested that although the 
calcareous species could withstand a great fluctuation in salinity, when 
the salinity dropped below 20 0/oo, arenaceous species became domi- 
nant and calcareous forms became very rare. It is probably safe to 
assume that although meltwater must have reduced the salinity of the 
marine embayments, it could not have reduced it far below the salini- 
ties found in Narragansett Bay and Long Island Sound today. 

At Messalonskee Stream the number of foraminiferal specimens 
per sample is low. Either the area supported a sparse fauna or else 
sedimentation was sufficiently rapid to prevent any great accumulation 
of tests. The latter of these possibilities is supported by the fact 
that during late-glacial time a significant amount of sediment was 
being washed into the marine embayments by meltwater from the 
glacier farther north. 


SUMMARY OF LATE-GLACIAL EVENTS IN THE 
WATERVILLE AREA 
The series of late-glacial events that took place in the Waterville 
area may now be summarized. After the ice retreated, the land under- 
went a period of subaerial erosion as is indicated by the erosion of 
esker deposits. The sea gradually inundated the depressed land, and 
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the stream valleys of the Kennebec and its tributaries became marine 
embayments. 

The fauna at the base of the section contains a high percentage of 
Elphidium clavatum, which is indicative of Recent shallow water 
assemblages. We may envisage the Messalonskee environment at the 
outset as a shallow marine embayment. Glacial material washed into 
this set by meltwater streams was quickly flocculated, and deposition 
must have been rapid. As floating ice melted, it scattered boulders 
on the bottom. 

Only two samples diverge from the characteristic high percentage 
of Elphidium. The relatively great abundance of Cassidulina barbara 
in these samples may represent a deepening of the marine embayment 
and at the same time its maximum extension. No data are available as 
to the depth tolerance of this species, however, and such a conclusion 
must be regarded as tentative. 

Above the C. barbara horizon E. clavatum and other species of 
Elphidium once again dominate the fauna. Shallow depths (probably 
less than 15 m.) were again attained, and the marine embayment 
was retreating as the land underwent isostatic rebound. The fauna 
remains essentially the same until about 35 feet below the top of the 
section shown in figure 4. In this part of the section Foraminifera 
are very rare, and for the last 20 feet no Foraminifera occur at all. 
The top two samples in each boring are sufficiently altered so that 
one can assume that the Foraminifera have been leached out of these 
samples. However, since so many feet of the section are without 
Foraminifera, it is probable that the top 35 feet of the clay in the 
Messalonskee area represent the transition from the marine embay- 
ment of late-glacial time to a fluvial environment. 


SYSTEMATIC DESCRIPTIONS 
Phylum PROTOZOA 
Class SARCODINA Butschli, 1882 
Order FORAMINIFERA d’Orbigny, 1826 
Family VALVULINIDAE 
Genus EGGERELLA Cushman, 1933 
EGGERELLA ADVENA (Cushman) 
Plate 1, figure 1 


V erneuilina advena CUSHMAN, 1922, Contr. Canadian Biol., No. 9 (1921), p. 141. 

Eggerella advena (Cushman) CusHMAN, 1937, Cushman Lab. Foram. Res. Spec. 
Publ. 8, p. 51, pl. 5, figs. 12-15; 1948b, Cushman Lab. Foram. Res. Spec. 
PuplyZ3 ps 32, pls, figs 122 
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Two small specimens found in B-109, S-8U are the only occurrence 
of this species observed in the Messalonskee fauna. 


Family MILIOLIDAE 
Genus QUINQUELOCULINA 4’Orbigny, 1826 
QUINQUELOCULINA SEMINULA (Linnaeus) 
Plate 1, figures 2a, 2b 


Serpula seminulum LINNAEUS, 1758, System Naturae. 10th ed., Holmiae, Suicia 
(Swedin), impensis L. Salvii, p. 786. 

Quinqueloculina senvinula (Linnaeus) CusHMAN, 1944, Cushman Lab. Foram. 
Res. Spec. Publ. 12, p. 13, pl. 2, fig. 14—Parker, 1952b, Bull. Mus. Comp. 
Zool., Harvard Coll., vol. 106, No. 10, p. 456, pl. 2, figs. 7a, b. 


Although there is variation in size among specimens, all have a 
smooth polished wall and lack a neck. Specimens compare well with 
ones deposited at the U. S. National Museum by Cushman and by 
Parker. 


Genus TRILOCULINA d’Orbigny, 1826 
TRILOCULINA sp. 
Plate 1, figures 3a, 3b 


One specimen referable to this genus was found in B-118, S-11U. 
The specimen lacks any development of a neck and is similar in size 
and shape to Q. seminula. However, the chambers are triloculine in 
arrangement. 


TRILOCULINA TRIHEDRA Loeblich and Tappan 
Plate 1, figures 4a, 4b 


Triloculina trihedra LorsticH and Tappan, 1953, Smithsonian Misc. Coll., 
vol. 121 No. 7, p. 45, pl. 4, fig. 10. 


Specimens found in the Messalonskee clay compare well with the 
types of this species from Point Barrow, Alaska. The pleistotypes 
of Cushman (1944) and Parker (1952a) identified as T. tricarinata 
also compare favorably with the Messalonskee specimens. Owing to 
lack of material and poor preservation, no further synonymy is 
attempted here. 

A few specimens of this species were found in B-118, S-11U. 
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Genus PATEORIS Loeblich and Tappan, 1953 
PATEORIS HAUERINOIDES (Rhumbler) 
Plate 1, figure 5 


Quinqueloculina subrotunda (Montagu) forma hauerinoides RHUMBLER, 1956, 
Kiel Meersef., Kiel, Deutschland, vol. 1, No. 1, pp. 206, 217, 226, text figs. 
167, 208-212. 

Ouinqueloculina subrotunda (Montagu) ? CusHMAN, 1948b, Cushman Lab. 
Foram. Res. Spec. Publ. 23, p. 35, pl. 3, figs. 20, 21, pl. 4, fig. 1. 

Quinqueloculina subrotunda (Montagu) Parker, 1952a, Bull. Mus. Comp. Zool., 
Harvard College, vol. 106, No. 9, p. 406, pl. 4, figs. 4a, b. 

Pateoris hauerinoides (Rhumbler) LorsricH and Tappan, 1953, Smithsonian 
Misc. Coll., vol. 121, No. 7, p. 42, pl. 6, figs. 8-12, text figs. la, b. 


Specimens clearly show an early quinqueloculine stage and a later 
hauerine one. The aperture is always toothless. These specimens 
compare well with hypotypes of Loeblich and Tappan (1953) from 
Point Barrow, Alaska, as well as with plesiotypes of Cushman 
(1948b) from the Arctic and of Parker (1952a) from the Ports- 
mouth, N. H., area. 

This species was found in seven samples, but specimens were rare. 


Genus PYRGO Defrance, 1824 
PYRGO WILLIAMSONI (Silvestri) 
Plate 2, figure 1 


Biloculina williamsoni Sttvestr1, 1923, Accad. Pont. Romana Nuovi Lincei, 
Atti, Roma, Italia, vol. 76, p. 73. 

Pyrgo elongata (d’Orbigny) CusHMAN, 1948b (not Biloculina elongata d’Or- 
bigny, 1826), Cushman Lab. Foram. Res. Spec. Publ. 23, p. 39, pl. 4, figs. 7, 8. 

Pyrgo williamsoni (Silvestri) LorsLticH and Tappan, 1953, Smithsonian Misc. 
Coll., vol. 121, No. 7, p. 48, pl. 6, figs. 1-4. ; 


Most specimens are elongate, but a few large ones are somewhat 
rounded. Specimens found in the Messalonskee clay average about 
0.46 mm. in their greatest diameter. The figured specimens of 
Loeblich and Tappan from Point Barrow are larger and average 
0.56 mm. in their greatest diameter. 

This species appears in six samples, but specimens are rare. 


Family OPHTHALMIDIIDAE 
Genus CORNUSPIRA Schultze, 1854 
CORNUSPIRA sp. 

Plate 2, figure 2 
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A single broken specimen referable to this genus was found in 
B-118, S-9U. The test is planispiral and tubular, but only parts of 
the last two whorls are preserved. The two whorls are comparable 
in thickness and diameter to those of C. involvens (Reuss) as figured 
by Loeblich and Tappan (1953, p. 49, pl. 7, figs. 4, 5). 


Family LAGENIDAE 
Genus LAGENA Walker and Jacob, 1873 
LAGENA CLAVATA (d’Orbigny) 
Plate 2, figure 3 


Oolina clavata D’ORBIGNY, 1846, Foraminiféres fossils du Bassin Tertiaire de 
Vienne, Paris, Gide et Comp., p. 24, pl. 1, figs. 2, 3. 

Lagena clavata (d’Orbigny) CusHmaAN, 1944, Cushman Lab. Foram. Res. Spec. 
Publ. 12, p. 21, pl. 3, fig. 6. 


The few specimens found in the Messalonskee clay agree well with 
d’Orbigny’s figures and are identical with the specimen figured by 
Cushman from the New England coast. 

This species is rare, but occurs in four samples. 


Genus FISSURINA Reuss, 1850 
FISSURINA cf. CUCURBITASEMA Loeblich and Tappan 
Plate 2, figure 4 


Specimens compare favorably with those figured by Loeblich and 
Tappan (1953, p. 76, pl. 14, figs. 10, 11) from the Point Barrow area. 
The material from the Messalonskee clay, however, is often frosty 
in appearance, and the character of the entosolenian tube is difficult 
to distinguish. 

Six specimens of this species were found in three samples. 


Family POLYMORPHINIDAE 
Genus GLOBULINA d’Orbigny, 1839 
GLOBULINA GLACIALIS Cushman and Ozawa 
Plate 2, figures 5a, 5b 


Globulina glacialis CUSHMAN and Ozawa, 1930, Proc. U. S. Nat. Mus., vol. 77, 
arts |Onpe/ le pla omiese O70. 


Specimens compare well with the types of Cushman and Ozawa. 
This species occurs in 14 samples. Individuals are not common. 
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Family NONIONIDAE 
Genus NONIONELLA Cushman, 1926 
NONIONELLA AURICULA Heron-Allen and Earland 
Plate 2, figures 6a, 6b 


Nonionella auricula HERoN-ALLEN and Earvanp, 1930, Journ. Roy. Micr. Soc., 
London, England, ser. 3, vol. 50, p. 192, pl. 5, figs. 68-70—CusHMAN, 1944, 
Cushman Lab. Foram. Res. Spec. Publ. 12, p. 25, pl. 3, figs. 26, 27Lors- 
LICH and TApPAN, 1953, Smithsonian Misc. Coll., vol. 121, No. 7, p. 92, 
pl. 16, figs. 6-10. 


In the material studied by Heron-Allen and Earland the greatest 
diameter of the specimens varied between 0.18 and 0.25 mm. The 
greatest diameter of the specimens in the Messalonskee fauna is about 
0.32 mm. Loeblich and Tappan indicated that the greatest diameter of 
their specimens is about 0.70 mm. There is, therefore, a wide size 
range in this species. 

Five specimens of this species were found in two samples. 


Family ELPHIDIIDAE 


There are various opinions regarding the relationships of Elphidiuim 
and allied genera to the Nonionidae. The Elphidium group has been 
considered a separate family with questionable relationships to 
Nonion by Loeblich and Tappan (1953), and as a family of different 
origin from Nonton by Smout (1955) and Reiss (1958). The differ- 
ences in opinion are due largely to the emphasis placed on the 
significance of wall structure. Wood (1949) found that all the 
species of Elphidium that he examined have radial walls, while those 
of Nonion are granular. This seemed to indicate that there is a funda- 
mental difference between these two genera and that their resemblance 
to each other is superficial. To some workers wall structure appeared 
to provide a sure method of distinguishing Nonion and Elphidium and 
also a way of disposing of the problematic forms with weakly 
developed retral processes, sutural pores, and multiple apertures 
which seemed to be intermediate in structure between the two genera. 

Haynes (1956), however, found two species in the English 
Paleocene which resemble Nonion but have multiple aperture and 
radial walls. He believed that these species provided a link between 
Nonion and Elphidium. He set up the genus Protoelphidium for the 
species which he included in the subfamily Nonionidae. A modern 
representative of this genus, P. tisburyensis (Butcher), has been 
recorded by Parker and Athearn (1959) from the Recent sediments 
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of Cape Cod. Parker and Athearn placed Protoelphidium in the 
family Elphidiidae. 

In the Messalonskee fauna there are two species which are inter- 
mediate in structure and which further suggest linkage between 
Nonion and Elphidium. One of these, Elphidium varium, has retral 
processes, sutural pores, and a multiple aperture, but a wall that is 
granular. It is, in other words, superficially an Elphidium, but in 
wall structure a Nonion, just the reverse of Protoelphidium. This 
combination of characters casts much doubt on the infallibility of 
wall structure as a key to distinguishing Nonion from Elphidium. 
I have placed the species under Elphidium because of the dominance 
of the characters of that genus, particularly the retral processes. 
Aside from the Elphidium group, retral processes occur rarely in 
Foraminifera, and it is probable that their occurrence is of genetic 
significance. 

The other intermediate species, Elphidium orbiculare, has a radial 
wall, a multiple aperture, a few sutural pores and faint retral 
- processes which were observed on only a few specimens. The Elphi- 
dium characters are poorly developed, and the generic assignment of 
this species is somewhat arbitrary; it could, as easily, be referred to 
Protoelphidium. 

Elphidium orbiculare is very similar in appearance to some speci- 
mens of FE. varium and the superficial characters of both species are 
highly variable. The two species are in some cases difficult to separate, 
but are, nevertheless, distinct. Although the differences between them 
are minor, I did not observe any transitions between them. The 
difference in wall structure between the two species is very sharp, 
the structure being distinctly granular in EF. varium and clearly radial 
in E. orbiculare. 

Curiously, there appears to be yet another kind of wall structure 
characteristic of certain species of Elphidium. This is what Krashe- 
ninnikov (1956) has termed “indistinct radial wall.” In this type of 
structure the wall is radial, but the crystals are collected in bunches 
and they bend in a complex wavy fashion; sometimes the crystals 
are oblique or even parallel to the wall surface. According to Krashe- 
ninnikov, the “indistinct radial wall” is characteristic of Elphidium. 
I examined one crushed specimen of E. macellum (type species of 
Elphidium) from the Mediterranean and it showed a very indistinct 
cross, being observable in only a few of the fragments. This is sug- 
gestive of the type of structure that Krasheninnikov describes. 

Thus it appears that Elphidium cannot be so easily separated from 
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Nonion on the basis of wall structure. Clearly, the wall structures 
of many more species, particularly in oriented sections, need to be 
studied before the significance of this structure can be evaluated. 

The species intermediate in structure between Elphidium and 
Nonion can hardly be considered ancestral forms, as they occur in 
Recent sediments. However, they do indicate a close relationship 
between the two genera. On the other hand, Elphidiwm and allied 
forms, in my view, comprise a large enough group to be considered 
a family separate from, though closely related to, the Nonionidae. 
The families, of course, are not phylogenetic, representing a single 
divergence in geologic time, but are probably no more polyphyletic 
than many other foraminiferal families. 


Genus ELPHIDIUM Montfort, 1808 
ELPHIDIUM VARIUM n. sp. 
Plate 2, figure 7; plate 3, figures 1, 2a, 2b 


Elphidium incertum (Williamson) CusHMan, 1948 (non Polystomella um- 
bilicatula var. incerta Williamson 1858), Cushman Lab. Foram. Res. Spec. 
Publ. 23, p. 56, pl. 6, figs. 7a, b. 


Diagnosis—Test small to medium sized, planispiral, involute, 
slightly compressed ; periphery rounded, margin moderately lobulate ; 
8 to 11 chambers in the final whorl, slightly inflated, gradually in- 
creasing in size as added; sutures distinct, depressed, often slitlike, 
poorly developed around the periphery, with sutural pores in a single 
row, sometimes extending to umbilical area; retral processes short, 
few, not developed on all sutures ; wall calcareous, perforate granular, 
translucent to opaque; umbilicus fairly large, flush or slightly de- 
pressed, with very slight umbilical knob; aperture composed of a 
single row of small openings at the base of the apertural face. 

Greatest diameter of holotype 0.56 mm. 
Least diameter of holotype, 0.46 mm. 


Thickness of holotype, 0.26 mm. 
Greatest diameter of paratypes, from 0.38 to 0.64 mm. 


Discussion—The retral processes are poorly to moderately well 
developed in this species. They are most strongly developed in the 
early part of the test and can be clearly seen in the first two or three 
chambers of the final whorl. In the final few chambers, they are 
often barely perceptible. 
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The wall appearance is highly variable, with young forms being 
translucent and adult forms thick and opaque. 

The walls of half a dozen specimens were examined under polar- 
ized light and all of them proved to be distinctly granular. 

E. varium differs from Polystemella umbilicatula var. incerta 
Williamson (1858, fig. 82a) in that it has less curvature of the 
sutures, poorer development of retral processes, and a larger umbili- 
cal area. However, the specimen illustrated by Cushman (1948b, 
pl. 6, figs. 7a, b) as E. incertum is identical with the species described 
here. Other specimens deposited in the Cushman collection and 
identified as E. incertum from Fox Basin, Canada, and Greenland 
were also found to be identical. The wall structures of two speci- 
mens from Fox Basin, Canada, were examined. Both specimens are 
perforate granular. 

Most other specimens identified as Elphidium imcertum from 
eastern North America appear to represent a mixed bag, belonging 
to E. clavatum, E. orbiculare, and E. bartletti (Loeblich and Tappan, 
1953, pp. 100-101). 

Broadly rounded translucent specimens of E. varium closely re- 
semble specimens of FE. orbiculare, especially when the sutures of 
E. varium lack any development of retral processes. The two species 
can be separated by their external appearance, however, because the 
test of E. orbiculare is thicker in cross section and more circular in 
outline. Although some specimens of these two species resemble one 
another so closely that they are difficult to distinguish by their external 
appearance, they can be easily separated by their markedly different 
wall structure, for E. orbiculare is distinctly radial. 

Some juvenile forms of E. varium are quite similar to some speci- 
mens of EF. subarcticum. The two species are separable because FE. 
subarcticum usually shows an opaque band on either side of its 
sutures. The wall structure affords a more striking criterion because 
it is distinctly radial in EF. subarcticum. 

Paratypes of E. voorthuysent Haake deposited at the U. S. National 
Museum closely resemble some juveniles of E. varium. Haake’s 
(1962) specimens are, however, much smaller than adults of E. 
varium and are narrower in the umbilical region. The paratypes of 
E. voorthuysent were found to be granular in wall structure and the 
two species are probably closely related. 

This species occurs in only about half of the samples that have 
Foraminifera. It usually accounts for less than 15 percent of the 
Foraminifera in any sample. 


No. 8 PLEISTOCENE FORAMINIFERA FROM MAINE——-BUZAS 


bo 
ios) 


ELPHIDIUM CLAVATUM Cushman 
Plate 3, figures 3a, 3b, 4a, 4b 


Elphidium incertum (Williamson) var. clavatum CusHMAN, 1930, U. S. Nat. 
Mus. Bull. 104, pt. 7, p. 20, pl. 7, fig. 10. 

Elphidium clavatum Cushman, emend. LoEBLICH and Tappan, 1953, Smithsonian 
Misc. Coll., vol. 121, No. 7, pp. 98, 101, 102, pl. 19, figs. 8-10. 


Most of the specimens are yellow-brown in color and have moder- 
ately well developed retral processes. The tests are commonly bium- 
bonate and very distinctly perforated. The specimens are identical 
with those described by Cushman and by Loeblich and Tappan, but 
are somewhat smaller. The average greatest diameter of 12 selected 
specimens from the Messalonskee clay is 0.24 mm. The largest single 
measurement was 0.30 mm. The hypotypes of Loeblich and Tappan 
(1953) range from 0.23 to 0.70 mm. in their greatest diameter. 

This species is most abundant in the Messalonskee fauna. It ap- 
pears in all samples and usually constitutes over 50 percent of the 
total population. 


ELPHIDIUM ORBICULARE (Brady) 
Plate 3, figures 5a, 5b; plate 4, figures la, 1b 


Nonionina orbicularis Bravy, 1881, Ann. Mag. Nat. Hist., ser. 5, vol. 8, p. 45, 
pl. 21, figs. 5a, b. 

Nonion orbiculare (Brady) CusHMan, 1930, U. S. Nat. Mus. Bull. 104, pt. 7, 
p. 12, pl. 5, figs. 1-3; 1939, U. S. Geol. Surv. Prof. Pap. 191, p. 23, pl. 16, 
figs. 17-19; 1948b, Cushman Lab. Foram. Res. Spec. Publ. 23, p. 53, pl. 6, 
fig. 3. 

Elphidium orbiculare (Brady) Lorzsiicu and Tappan, 1953, Smithsonian Misc. 
Coll., vol. 121, No. 7, p. 102, pl. 19, figs. 1-4. 


Although originally placed in the genus Nonion, Cushman (1939, 
p. 24) stated: “The aperture tends toward that of Elphidium, and 
some specimens show what may be slight traces of retral processes.” 
Loeblich and Tappan (1953) placed this species in the genus Elphi- 
dium because of the characters Cushman mentioned and because they 
found that the wall structure was radiate. 

Specimens from the Messalonskee clay have few sutural pores and 
but faint retral processes which occur on rare specimens. The aper- 
ture always consists of a single row of openings at the base of the 
apertural face. 

Specimens from the Messalonskee clay are smaller than those 
described by Cushman and by Loeblich and Tappan. Cushman 
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indicated that the greatest diameter is 0.75 mm. while Loeblich and 
Tappan measured specimens which range from 0.55 to 1.0 mm. in 
diameter. My specimens average only 0.44 mm. in their greatest 
diameter. They are, however, identical in all other respects with 
those of both Cushman and Loeblich and Tappan. 

This species occurs in over half of the samples; it averages less 
than 20 percent of the total population, but comprises 40 percent in 
one sample. 


ELPHIDIUM sp. 
Plate 4, figure 2 


The material consists of six specimens which were found in B-1058, 
S-13U. The specimens are irregular, and some of the chambers are 
malformed. Possibly they represent abnormal individuals of E. 
clavatum. 


Family ROTALIIDAE 
Genus BUCCELLA Andersen, 1952 
BUCCELLA FRIGIDA (Cushman) 


Plate 4, figures 3a, 3b, 4a, 4b 
Pulvinulina frigida CUSHMAN, 1922, Contr. Canadian Biol., No. 9 (1921), p. 2 
(144). 
Buccella frigida (Cushman) ANDERSEN, 1952, Journ. Washington Acad. Sci., 
vol. 42, No. 5, p. 144, figs. 4a-c, 5, 6a-c. 


Specimens are identical with the hypotypes of Cushman and of 
Andersen. They lie within the normal size range of this species. 

This species occurs in 10 of the samples, but individuals are not 
common. 


Family CASSIDULINIDAE 
Genus CASSIDULINA d’Orbigny, 1826 
CASSIDULINA TERETIS Tappan 
Plate 5, figures 2a, 2b, 3a, 3b 


Cassidulina teretis TAPPAN, 1951, Contr. Cushman Found. Foram. Res., vol. 2, 
pt. 1, p. 7, pl. 1, figs. 30a-c. 


The material consists of three specimens which were found in 
B-118, S-9U. 
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CASSIDULINA BARBARA 2. sp. 
Plate 5, figures 2a, 2b, 3a, 3b 


Cassidulina islandica Norvang var. minuta Norvang, Parker, 1952 (non Cas- 
sidulina islandica Norvang var. minuta Norvang, 1945), Bull. Mus. Comp. 
Zool., Harvard Coll., vol. 106, No. 9, p. 421, pl. 6, figs. 21a, b. 

Cassidulina islandica Norvang, LorsLicH and Tappan, 1953 (non Cassidulina 
islandica Norvang, 1945), Smithsonian Misc. Coll., vol. 121, No. 7, p. 118, 
pl. 24, fig. 1. 


Diagnosis.—Test small, biconvex, slightly compressed, periphery 
rounded ; chambers alternate, four pairs in the final whorl, increasing 
in size as added, each chamber extending to the center on one side and 
forming a small triangular extension on the other; wall calcareous, 
translucent, perforate granular; aperture a triangular opening at the 
base of the apertural face, alternating from one side to the other as 
chambers are added, a flat tooth projecting into the aperture from 
the base of the chamber. 

Greatest diameter of holotype, 0.22 mm. 


Greatest thickness of holotype, 0.14 mm. 
Greatest diameter of paratypes, 0.12 to 0.26 mm. 


Discussion.—Norvang (1958) named the genus /slandiella, into 
which he placed some of the species formerly referred to the genus 
Cassidulina. The new genus is characterized by a radiate wall “.. . 
with an internal tooth extending back from the posterior edge of the 
aperture to the anterior corner of the foramen of the preceding 
chamber’’ (loc. cit., p. 26). Cassidulina was emended to include 
those species “. . . with a granulate wall and a tripartite aperture, 
often with up to two platelike lips fastened on the inwardbent wall 
along the rim of the aperture thus obstructing the passage through 
the aperture” (loc. cit., p. 25). 

I have been able to observe the tooth which Norvang described 
in some of the species which he has referred to the genus Jslandiella, 
although the structure is seldom clearly visible. C. barbara has a flat 
tooth which protrudes through the aperture. However, I have not 
been able to observe any attachment to the corner of the foramen of 
the preceding chamber. Instead the tooth appears to be attached 
near the base of the aperture through which it protrudes. None of 
the material from the Messalonskee area shows any trace of a groove 
which might represent the areal branch of a tripartite aperture. 
Externally I cannot distinguish between the flat tooth of C. barbara 
and the free tongue of the internal tooth of J. islandica. 

C. barbara differs from J. islandica in that the latter is larger, more 
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globular, has more inflation of its chambers, and is radiate in wall 
structure. 

C. barbara differs from C. crassa d’Orbigny in its smaller size 
and in location of the aperture, which is discussed by Loeblich and 
Tappan (1953, p. 119). 

The figured specimens of Parker (1952a) referred to C. islandica 
var. minuta are identical with C. barbara. The hypotypes deposited 
at the U. S. National Museum by Loeblich and Tappan (1953) and 
referred to C. islandica, although slightly larger, are identical with 
the new species described here. The wall structure of two of their 
hypotypes was examined and found to be granulate. 

This species is generally low in abundance. However, in B-118, 
S-9U and in B 109, S-9U it comprises 69 and 88 percent of the total 
population respectively. 


Family ANOMALINIDAE 
Genus CIBICIDES Montfort, 1808 
CIBICIDES cf. LOBATULUS (Walker and Jacob) 
Plate 5, figures 4a, 4b 


The material consists of two specimens which were found in 
B-1058, S-13U. The specimens compare favorably with those illus- 
trated by Cushman (1948b, p. 78, pl. 8, fig. 14). However, since one 
specimen is broken and the other poorly preserved, positive identifi- 
cation is not possible. 
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EXPLANATION OF PLATES 
PLATE 1 


Fig. 1. Eggerella advena (Cushman). USNM 641122. «148. 

Fig. 2. Quinqueloculina seminula (Linne). USNM 641123. a, Edge view. 
b, Side view. 93. 

Fig. 3. Triloculina sp. USNM 641124. a, Side view. b, Edge view. 65. 

Fig. 4. Triloculina trihedra Loeblich and Tappan. USNM 641125. a, Edge 
view. b, Side view. 93. 

Fig. 5. Pateorts hauerinoides (Rhumbler). USNM 641126. 65. 


PLATE 2 


Fig. 1, Pyrgo williamsom (Silvestri). USNM 641127. 93. 

Fig. 2. Cornuspira sp. USNM 641128. 93. 

Fig. 3. Lagena clavata (d’Orbigny). USNM 641129. 93. 

Fig, 4. Fissurina ci. cucurbitasema Loeblich and Tappan. USNM 641130. 
«148. 

Fig. 5. Globulina glacialis Cushman and Ozawa. USNM 641131. a, Edge view. 
b, Side view. X93. 

Fig. 6. Nonionella auricula Heron-Allen and Earland. USNM 641132. a, Edge 
view. b, Side view. 148. 

Fig. 7. Elphidium varium n. sp. Holotype. USNM 641133. Edge view. 93. 


Pate 3 


Fig. 1. Elphidiwm varium n. sp. Holotype. USNM 641133. Side view. 93. 

Fig. 2. Elphidium varium n. sp. Paratype. USNM 641134. a, Edge view. 
b, Side view. >65. 

Fig. 3. Elphidium clavatum Cushman. USNM 641135. a, Edge view. b, Side 
view. 148. 

Fig. 4. Elphidium clavatum Cushman. USNM 641136. a, Edge view. b, Side 
view. 214. 

Fig. 5. Elphidium orbiculare (Brady). USNM 641137. a, Edge view. b, Side 
view. 93. 


PLATE 4 


Fig. 1. Elphidiwm orbiculare (Brady). USNM 641138. a, Side view. b, Edge 
view. X93. 

Fig. 2. Elphidiin sp. USNM 641139. a, Side view. b, Edge view. 93. 

Fig. 3. Buccella frigida (Cushman). USNM 641140. a, Edge view. b, Ventral 
view. 148. 

Fig. 4. Buccella frigida (Cushman). USNM 641141. a, Edge view. b, Dorsal 
view. 148. 
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PLATE 5 


Fig. 1. Cassidulina teretis Tappan. USNM 641142. a and b, Side views. 65. 

Fig. 2. Cassidulina barbara n. sp. Holotype. USNM 641143. a and b, Side 
views. 148. 

Fig. 3. Cassidulina barbara n. sp. Paratype. USNM 641144. a and b, Side 
views. 148. 

Fig. 4. Cibicides cf. lobatulus (Walker and Jacob). USNM 641145. a, Edge 
view. b, Side view. 93. 
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